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THE BEGINNING OF THE MASSACHUSETTS INSTITUTE 
OF TECHNOLOGY. 


BY JAMES P. MUNROE, S.B. 


1859, appears the condensed report of a meeting of ‘‘ Individuals 

representing Associations of Agriculture, Horticulture, Art, Sci- 

ence, and various Industrial, Educational, and Moral Interests of 
the State,” the results of whose deliberations were to be of far-reaching 
importance, and whose matured plans were to found an institution known 
throughout the civilized world. The account states that the meeting 
heldin the library of the Boston Society of Natural History (then located 
on Mason Street), on Feb. 18, 1859, was attended by about forty gentle- 
men. Mr. Marshall P. Wilder was elected chairman, and Dr. Samuel 
Kneeland, Jr., secretary. After the formalities of organization, the 
chairman stated the object of the meeting to be that of taking steps 
toward memorializing the Legislature for a grant of land belonging to 
the Commonwealth, in aid of a plan fora conservatory of art and science. 
“The reading of a portion of the Governor’s message* in which he refers 


I: an obscure corner of the Boston Daily Advertiser for Feb. 21, 


*Address of Gov. Nath’l P. Banks to Massachusetts Legislature, Jan. 7, 1859. [Acts 
and Resolves of Mass., 1859.] Referring to the Back Bay Lands, he says: — ‘‘ The 
question of immediate interest is, what disposition to make of the proceeds of the sale 
of land which will bring to the treasury, within five years, at a moderate estimate, from 
three to five millions of dollars. . . . I trust the Legislature will be able to make provision 











286 Fames P. Munroe. [May 


to the value of the public lands, and advises a certain disposition to be 
made of them, brought the matter fairly before the meeting.” 

Professor Agassiz, Hon. Alex. H. Rice, Mr. John D. Philbrick, and 
others spoke. While one of the gentlemen advocated the reservation 
of an open space of Back-Bay land, for the reason, chiefly, that the resi- 
dents of Beacon Hill, heretofore cooled in summer by the breezes from the 
Back Bay, might not suffer by the filling in of that body of water, and 
although another of the speakers had so mean an idea of the enterprise 
as to urge the purchase of the Hancock estate, then on sale, the majori- 
ity of those present were more serious in purpose and more generous in 
plan than these, and heartily indorsed the proposal for the reservation 
of a large tract of the still unfilled Back Bay. A committee of seven 
was appointed with power to memorialize the Legislature, in such man- 
ner as seemed desirable, for purposes of the proposed “ Conservatory of 
Art, Science, and Historical Relics.” 

The committee thus commissioned lost no time in preparing and pre- 
senting their petition, for upon March 31, 1859, two days before the close 
of the session, the joint special committee of the Legislature appointed 
to investigate the matter presented their report* to that body. This 
report contains the memorial; and as the latter is the first definite ex- 
position of the idea which had for so long been germinating in the 
minds of its promoters, it may be of interest to transcribe it with some 
fullness. Its main points are as follows : — 


for the application of this property to such public educational improvements as will 
keep the name of the Commonwealth forever green in the memory of her children; and 


to this end I earnestly recommend . . . that the first public charge to be made upon 
this property shall be for the enlargement of the public-school fund until it net the sum 
of $3,000,000.” Further on, he says: ‘‘ The Secretary of the Board of Agriculture has 


commenced, and nearly completed, within the year past, a collection of specimens illus- 
trative of the Natural History of the State. The idea, creditable alike in conception 
and execution, is suggestive of scientific enterprises of greater moment than a chance 
collection crowded into the vacant rooms of the capitol. Ought not Massachusetts, in 
the flush of wealth and power, to provide for the most complete illustration of her own 
natural history, or at least blend her efforts with the codperative power of individuals, 
associations, and institutions, partially or altogether devoted to natural science, for the 
initiation of a work . . . [which] would enable her instructed people to trace the sep- 
arate stages of existence through all mutations from nothing to Deity?” The colloca- 
tion of scientific institutions and societies hinted at by the Governor was not an 
original idea with him, but he was the first, it is believed, to give voice publicly to 
this plan, long before conceived and advocated, in private, by a number of mer- 
chants and manufacturers, for promoting the growth of Massachusetts’ arts and 
industries by concentrating and enlarging the existing means for scientific education 
and research. 





* House Doc. No. 260, 1859. 
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“Theundersigned . . . respectfullyrepresent . . . that in ouropinion 
a most effective method of making those lands” [belonging to the 
Commonwealth, lying near the Public Garden in the city of Boston] 
“available in promoting education, as well as directly developing the 
wealth of the State, would be for the Legislature to pass a Resolve re- 
serving from sale a portion of said lands, and dedicating them as a space 
to be used in all coming time for the erection of a building or buildings 
by various institutions for public benefit, which in the aggregate would 
constitute and might be known as the Massachusetts Conservatory of 
Art and Science. 

‘The Committee, without undertaking to specify in detail the extent 
of space to be reserved or the specific purposes to which it should be 
dedicated, would simply suggest the character of a few leading institu- 
tions, which, if once established on the grounds, would form a nucleus 
around which would cluster kindred associations of immense value to 
the people of the State. 

“Taking the Commissioners’ Plan as a basis for illustration, we would 
suggest the reservation of as much as four squares for this purpose. 

‘Section No. I. might be devoted to collections of Implements, 
models, and other objects pertaining to Agriculture, Horticulture, and 
Pomology. 

“Section No. II., to Natural History, Practical Geology, and Chemis- 
try, with ample room for museums of specimens. 


‘Section No. III., to those institutions devoted to the development 
of Mechanics, Manufactures, and Commerce. 

“Section No. IV., to Fine Arts, History, and Ethnology. 

“The space reserved for each section should be ample for these and 
all institutions of a kindred character which the future progress of the 
State may develop. ... . 

‘It is not proposed to merge the different institutions in one,— the 
perfect individuality of each being retained in every respect, having 
nothing necessarily in common but the general fostering care of the 
State. . 

“It is not proposed that the legal title to the land be conveyed, but 
the fee to remain to the State. . 

“The Committee have reason to believe that there are now existing 
several well-established institutions which will avail themselves of the 
privilege under the reservation, if made, and will erect a building or 
buildings thereon for their respective uses as soon as the land can be put 
in readiness for occupation. . . 

‘In conclusion, the Committee, while heartily sympathizing with the 
efforts now in progress to form a Museum of Natural History and Com- 
parative Zodlogy under the auspices of Professor Agassiz, at Cambridge,* 
for the development of abstract science, desire to co-operate with such 
labors in the building up of institutions of a more directly practical 


*Between 1859 and 1874, $355,707.67 was appropriated by the General Court of Mas- 
sachusetts in aid of this institution. 
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character, which will enable the masses of the people engaged in indus- 
trial occupations more effectually to avail themselves of the advantages 
to be derived from the labors of those who are wholly devoted to purely 
scientific research.” 


This first exposition of the plans of its promoters shows their scheme 
to have been essentially a popular one. They hoped to educate the 
people,—to so train artisans and mechanics, that the relations between 
them and the men of science might be made more close ; that the theory 
of the latter might be verified and checked by the work of the former, 
who, in their turn, should derive incalculable benefit from the experi- 
ments and researches of the scientists. Popular lectures, skillfully 
arranged museums, published reports of scientific research, were 
to be the means for education, and examinations and other tests 
leading to diplomas, were to form the immediate aim and measure of 
the work. 

The Legislative Committee, in transmitting the memorial to the Gen- 
eral Court, take it up point by point, enlarging upon and emphasizing 
the several details. They say: “ . .. The objects contemplated in the 
memorial under consideration assume a position of great importance as 
an educational measure, and in the opinion of your Committee the plan, 
considered merely as a financial measure, should not be regarded with 
indifference by the State. Her future industrial progress will be greatly 
influenced by the practical educational facilities which these institutions, 
by their union, are designed to afford. The existence of such grand, 
practical schools in Europe requires of us to take all possible advantage 
of our resources in this direction, under the penalty of taking a second- 
rate position among the nations; and this no true American will be con- 
tent to do without a struggle for the supremacy.” After enlarging upon 
the educational advantages of the scheme proposed, after pointing out 
the benefits accruing to the State, to its people and industries, by such 
exhibitions and lectures as the plan of the memorialists contemplates, 
the committee consider the practical side of the question, the material 
advantage to the State, in the following words : — 


“The Committee will venture an opinion, proved by all experience, 
that the surest way of increasing the value of unoccupied land, is to 
leave open spaces for public buildings like those proposed in this plan. 
The very fact of the location of these structures there would bring the 
land more rapidly into the market at increased prices, and secure a first- 
class population from the beginning. Unless some such plan be adopted, 
few persons would be likely to purchase except in the immediate vicinity 
of the Public Garden. 
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‘The Committee are of the decided opinion that the reservation from 
sale of the land asked for in this memorial, will tend greatly to enhance 
the value of the remaining lands; and in their judgment this increase 
will equal the sum which the State would receive from the sale of the 
reserved portion. .. . 

‘Ample space is necessary in the beginning, in order that the various 
associations disposed to profit by it be neither crowded nor amalga- 
mated. Space is the more important, as it is desirable that every county 
in the State should there have a space for the display of its products in 
every department of industry. 

“The land should remain open for some years, to allow associations, 
industrial and commercial, yet unformed, to avail themselves of the 
reservation. 

“Finally, your Committee, would state, that as the societies are ready 
to unite, so are the people apparently prepared and eager for such an 
association of institutions as would be established by their union. This 
practical age demands practical, as well as theoretical, education. 

And your Committee are of the opinion that the reservation of the land 
. should be made, believing it will be of advantage to the State, 
both in an educational and financial point of view. 

‘The Committee, however, notwithstanding an entire unanimity in 
these views, are united in the feeling that the present is not a propitious 
time for action in the premises, and therefore request to be discharged 
from the further consideration of the subject.” 


The unpropitiousness of the time had reference to the lateness in the 
session, and to the fact that many important bills were, as usual, being 
rushed through, and would inevitably push this petition to the wall. 
Upon the very day of the presentation of this report was passed the ed- 
ucational bill of 1859,* authorizing the reservation of one half the net 
proceeds from the sale of the Back Bay lands belonging to the State, after 
payment of $300,000 worth of scripissued in 1856, to be divided as follows: 
To the school:-fund, 50 per cent; to the Museum of Comparative Zodl- 
ogy, 20 per cent; to Tufts College, 12 per cent; to Wesleyan Academy, 
Amherst College, and Williams College, 6 per cent each ; provided that 
when the Museum shall have received $100,000, and the others in like 
proportion, the rest should go to the school fund. The only conditions 
laid down in this grant were, that the institutions should raise an amount 
equal to the State grant, by private subscription, and that Tufts, Wil- 
liams, and Amherst Colleges should each maintain three free scholar- 
ships. 

Notwithstanding the obvious inexpediency of legislation under such 
circumstances, an impression seems to have prevailed that this scheme 
for the promotion of popular scientific education had utterly collapsed. 


*Chap. 154, Sec. 3, Acts and Resolves of 1859. 
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Appended to a printed copy of the memorial, accompanied by the Leg- 
islative Committee’s report and issued by the memorialists, is found the 
following statement : — 


‘‘The Committee are desirous of correcting a false impression, which 
seems to prevail, that the plan has failed, and will state, in explanation, 
that it was in their opinion inexpedient to press so important a subject 
at the close of the session, especially as, if favorable action had been 
taken, the land would not be ready for occupancy this year. The 
committee did not expect definite action during the last session, and 
feel satisfied with the progress made, confident that in the ensuing 
year they shall be able to present an array of facts and arguments to 
the next Legislature that shall secure the establishment of these much 
needed educational institutions.” (Szgzed.) Marshall P. Wilder, Geo. 
W. Pratt, Sam’l H. Gookin, Alfred Ordway, M. D. Ross, Alex. H. Rice, 
E. S. Tobey, James M. Beebe, Prof. Wm. B. Rogers, Dr. S. Cabot, Jr., 


Amos Binney, Dr. S. Kneeland, Jr., Chas. L. Flint, B. S. Rotch, J. D. 
Philbrick, Committee. 


In this list, much enlarged from that appointed at the first meeting 
in the Rooms of the Natural History Society, appears for the first 
time the name of Professor Rogers, without whose controlling mind, 
inexhaustible patience, and undying enthusiasm, the Institute of Tech- 
nology, zealous as were its other supporters, might never have been, 
and certainly could not have passed with safety through the dark days 
in store for it. 

William Barton Rogers, son of Dr. Patrick Kerr Rogers, Professor of 
Chemistry and Physics at William and Mary College, was born, Dec. 7, 
1804, at Philadelphia, being the second of four brothers, all of whom 
were afterwards distinguished for scientific attainment. At the age of 
twenty-four, his father having died, Wm. Rogers succeeded to the pro- 
fessorship, leaving it only to accept the chair of Natural Philosophy and 
Geology at the University of Virginia. To the duties of this distin- 
guished position were immediately added those of State Geologist, to 
which office he was appointed by the Legislature of Virginia. The im- 
mense labor of making the survey of his adopted State, extending 
over seven years (1835-1842), inno degree abated his enthusiasm 
in his professorship. Fervent in imagination, though never unfaith- 
ful to the absolute truth of nature, gifted with eloquence extraor- 
dinary in itself, and doubly so in a student of the exact sciences, he 
could hold the most indifferent audience spell-bound with the magic 
of his expositions. His students at the University of Virginia gave no 
perfunctory attention; they listened because they could not help it. 
He not only forced them, by his marvelously clear and virile presenta- 
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tions of scientific facts and theories, to give strictest heed to him, but 
he aroused for the study itself an enthusiasm which did not die with the 
sound of his voice. He animated the cold marble of science, kindling 
a life-spark which no subsequent neglect could wholly extinguish. 

Much of his work was done in conjunction with one or the other of 
his brothers, Henry D. and Robert E. Rogers. The power of joint in- 
vestigation and publication exhibited in the work of these three minds, 
each endowed in so unusual a degree, is not the least remarkable fact 
in the history of this gifted family. 

In 1849, Professor Rogers married Miss Emma Savage, daughter of 
Dr. James Savage, of Boston; and largely because of this union, he, in 
1853, resigned his Professorship at the University of Virginia, and took 
up his residence in the city for which, in the thirty years of his life 
there, he was to do so much.- 

In the period between his coming to Boston and 1859, when the Con- 
servatory of Art and Science was first publicly proposed, Professor 
Rogers was active in writing and lecturing upon scientific subjects. 
Although his comprehensive mind interested itself in all branches of 
science, his attention at this time was especially turned toward Physics, 
to the study of which he applied himself with his wonted enthusiasm. 
Doubtless, too, throughout these six years, he was sowing seed in the 
good ground of the enlightened understanding of Boston’s merchants 
and manufacturers — seed which was to be tended and watched over by 
him far beyond the limit of his physical endurance, and the full vigor and 
promise, if not indeed the perfect fruition, of which he lived long enough 
to see. 

Fortunate in the alliance of his thorough scholarship, patient enthusi- 
asm, and extraordinary personai power, but impelled no less by their 
own zeal than by that of Professor Rogers, the committee named above, 
with additional members, presented a new memorial* at the next session 
of the Legislature. This, which met no better fate than the first, was 
essentially a repetition of it, somewhat more extended, and containing 
minor changes. To quote the petition :— 

“Tn conclusion, your memorialists would remark that, although the 
present application coincides in its general purport with the memorial 
(House Doc. 260) which they had the honor to submit to the General 
Court last winter, it embodies the more mature results of the inquiries 
and deliberations in which they have since been zealously engaged.” 

Petitions in aid of this second memorial were presented by the Boston 
Society of Natural History, the Boston Board of Trade, the American 


*House Doc. 13, January, 1860. 
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Academy of Arts and Sciences, the Massachusetts Charitable Mechanic 
Association, and the New England Society; the endorsement of each 
of these distinguished bodies, representing such diverse interests, being 
most cordial and hearty. A favorable bill was presented, and passed 
the House, but was, late in the session, rejected in the Senate. Upon 
motion to reconsider the vote of rejection, the bill was laid upon the 
table. 

Although many meetings, more or less formal in character, of the 
‘‘Committee of Associated Institutions of Science and Art,” as it was 
now called, must have taken place during the winter of 1859-60, no 
record is known to exist of them, the only memorandum of the busy but 
silent work done at that time in furtherance of the scheme, being found 
in a pamphlet published in 1861,* in which the statement is made that, 


‘ Believing that the failure of their previous appeal to the Legislature 
was, in part at least, due to the incompleteness and vagueness in which 
they had presented this department of their general plan” [Practical 
Instruction in the Arts and Applied Sciences], .. . ‘‘the Committee 
determined on taking such steps as were practicable toward the organ- 
ization, in a preliminary form, of an institution of this character. 

“ Accordingly, at a meeting held May 28, 1860, the Committee 
assigned to a sub-committee, consisting of W. B. Rogers, E. B. Bigelow, 
J. M. Beebe, M. D. Ross, and C. H. Dalton, the duty of preparing and 
reporting the plan of an institution designed for the advancement of 
the Industrial Arts and Sciences and Practical Education in the Com- 
monwealth.” 


Four months later, the sub-committee, through its chairman, issued a 
call for a public meeting to be held at the rooms of the Board of Trade, 
on October 5, 1860, and at this meeting was read the report of the 
Committee, outlining the plan of the Institute of Technology. The 
Conservatory of Arts and Sciences, with its huge collections, supple- 
mented by instruction, is found to have given place toa school, in which 
the instruction is to be first, and the collections secondary, supplement- 
ary to the theoretical and practical teaching. 

The pamphlett is so clear in its exposition of the objects contemplated, 
its authors are so thoroughly master of the ideas and projects therein 
contained, that it is a temptation to transcribe it entire. A rough 
sketch must, however, suffice. 


*An Account of the Proceedings Preliminary to the Organization of the Mass. Insti- 
tute of Fechnology. Pph., 8vo., pp. 23. Boston, 1861. 

+Objects and plan of an Institute of Technology [Prepared by direction of the Com- 
mittee of Associated Institutions of Science and Arts, and addressed to Manufacturers, 
Merchants, Mechanics, Agriculturists, and other friends of enlightened industry in the 
Commonwealth]. Pph., 8vo, pp. 29. Boston, 1860; 2d ed., 1861. 
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After reciting the benefits to be derived from institutions of the 
nature contemplated, especially in a community like Massachusetts, 
largely devoted as it is to manufactures, it says: — 


‘With the view of securing the great industrial and educational ben- 
efits above alluded to, it is proposed to establish, on a comprehensive 
plan, an institution devoted to the practical arts and sciences, to be 
called the Massachusetts Institute of Technology, having the triple 
organization of a Society of Arts,a Museum or Conservatory of ‘Arts, 
and a School of Industrial Science and Art.” 


It then states, at some length, the duties of the several committees, 
the sub-divisions of the collections, and the departments of the school. 
The organization may be summarized as follows :— 


On Mineral Materials. 

On Organic Materials. 

On Tools and Instruments. 

On Machinery and Motive Powers. 

On Textile Manufactures. 

On Manufactures of Wood, Leather, Paper, 
India Rubber, etc. 

On Manufactures of Pottery, Glass, and 


Standing Precious Metals. 


SociETY OF ARTS. Committees of 


On Chemical Products and Processes. 
Arts. 


On Household Economy, including Warm- 
ing, Illumination, Water Supply, Venti- 
lation, and the Preparation and Preser- 
vation of Food. 

On Engineering and Architecture. 

On Commerce, Navigation, and Inland 
Transport. 

On the Graphic and Fine Arts. 





Museum oF INDUS- 


TRIAL ART AND SCI- : 
+ Committee on 


the Museum. 


on the plan indicated by sub-divisions 
of Committees of Arts. 


ENCE, OR CONSERVA- 
TORY OF ARTS. 


Standing fr have charge of Collections arranged 


School of Design. . 
School of Mathematics (elementary and 
Standing applied). 
Committee on + School of Physics (general and applied). 
the Schools. School of Chemistry. 


School of Geology J Physical Geology. 
~ (Mining. 


ScHOOL OF INDUSTRIAL 
SCIENCE AND ART. 





{ To have direction of the Printing of the 
| Proceedings and Memoirs of the Insti- 
| tute, and of the publication of the 
{ ‘* Journal of Industrial Art and Science.” 


Standing 
Committee on 
Publications. 
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The development of the Society of Arts and the School of Indus- 
trial Science is sufficiently well known. The Museum of Arts needs but 
money and space to become an accomplished fact. The Journal, which 
the Committees contemplated, ‘‘besides setting forth the proceedings 
of the Society, and the condition and progress of the Museum and 
School of Industrial Science, should furnish a faithful record of the 
advance of the Arts and Practical Sciences at home and abroad,” has 
never been started, for the reason perhaps, that, the first two objects are 
attained by the “ Proceedings of the Society of Arts” and the Cata- 
logues and President’s Reports published annually, while the third 
aim is amply met by the multifarious scientific journals and reports 
continually brought forward. In relation to the School, the Report 
says :— 


“In arranging the plan and courses of instruction, provision would 
be made for the two classes of persons for whose benefit they are 
designed,— those who enter the school with the view of a progressive 
systematic training in applied science, and who have the preliminary 
knowledge, as well as time, for a continuous prosecution of its studies; 
and the far more numerous class, who may be expected to resort to its 
lecture-rooms for such useful knowledge of scientific principles as they 
aan acquire without methodical study, and in hours not occupied by 
cctive labor. 


‘‘The former would of necessity be subjected to classification and 
direction in their studies, as well as examinations and other tests of 
acquirement in the progress and at the close of their terms. The 
latter, without having access to the exercises of the class-room, would 
be admitted to the courses of lectures on general and applied science, 
subject only to the conditions and restraints that are usual in public 
lectures generally.” ... 


“In regard to the latter feature of the School we may re- 
mark, that as the system of merely popular lecturing in its usual form 
would be inconsistent with the grave practical purposes which we 
have in view, it could not be recognized in connection with our 
ae 


‘In the features of the plan here sketched, it will be apparant that 
the education which we seek to provide, although eminently practical 
in its aims, has no affinity with that instruction in mere empirical routine 
which has sometimes been vaunted as the proper education for the in- 
dustrial classes. We believe, on the contrary, that the most truly 
practical education, even in an industrial point of view, is one ounded 
on a thorough knowledge of scientific laws and principles, and which 
unites with habits of close observation and exact reasoning a large 
general cultivation. We believe that the highest grade of scientific 
culture would not be too high as a preparation for the labors of the 
mechanic and manufacturer... . 
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‘But such complete and comprehensive training can, in the nature 
of things, be accessible to only comparatively few; while the limited 
and special education which our plan proposes would, we hope, fall 
within the reach of a large number whom the scantiness of time, means, 
and opportunity would exclude from the great seats of classical and 
scientific education in the Commonwealth.” 

“Tt will thus be seen, from the peculiar character and objects of 
this Department of the Institute, that it could not interfere with the 
interests of the established schools of learning devoted to general liter- 
ary and scientific education.” 


The ‘Object and Plan” was distributed widely through the State of 
Massachusetts, accompanied by a circular asking the attention and co- 
operation of those receiving it. Two months later followed another cir- 
cular, announcing a meeting to be held in Mecantile Hall, 16 Summer 
Street, on the evening of Jan. 11, 1861, “for the purpose of adopting 
measures preliminary to the organization of the Institute, and in further- 
ance of a petition to the Legislature for a charter, and a portion of the 
Back Bay lands.” 

This meeting was largely attended, addresses being delivered by 
Prof. Benjamin Peirce, the Rev. Dr. Gannett, and others, and formal res- 
olutions were passed associating the subscribers for the purpose of en- 
deavoring to organize and establish ‘‘ The Massachusetts Institute of 
Technology,” and appointing a committee of twenty to act in co-opera- 
tion with the Committee of Associated Institutions of Science and Arts, 
to promote the incorporation of the Massachusetts Institute of Tech- 
nology, and frame a constitution and by-laws for the government of the 
said Institute when it shall be established. 

The third memorial was, in January, 1861, properly presented to the 
General Court, and by them referred to a Joint Standing Committee of 
the Legislature. This Committee made, on March 19, 1861, a report* 
entirely favorable to the grant, ‘. . . Believing the objects of this In- 
stitution to be of the highest moment to the material and educational 
progress of the State,” . . . ‘and believing that the public advantages 
contemplated in the plans proposed would be wisely purchased bya 
share of the direct bounty of the Commonwealth.” 

“Such, however,” the report of the Committee goes on to say, “is not 
the kind of aid craved by the petitioners. The land for which they apply 
has already indirectly and in part, at least, been dedicated to public 
education. They do not propose to withdraw it from this object, 
but, on the contrary, to give it a new and vastly increased value for 


*House Doc. 171, 1861. 
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educational purposes,” ‘‘and your Committee are in favor of 
granting the prayer of the memorialists to the extent and according 
to the conditions of the following bill.” Then follows the Act of 
Incorporation.* 

The report of the Committee being accepted in the House, we find 
that on March 2ist the bill proposed was passed to a third reading by a 
vote of 89 to 33. On the next day a motion to reconsider was made, 
but did not prevail, and upon the 25th the bill, with the addition of 
sections 9 and 10, as amendments, was, by the House, ordered to 
be engrossed; and upon the 29th the same action was taken by the 
Senate. 

Upon April 10, 1861, more than two years after the subject was first 
publicly agitated, two years of almost constant effort in the face of op- 
position and discouragement, at an hour when the thoughts of the peo- 
ple were turned more toward impending war than in the direction of 
measures pre-supposing conditions of domestic peace and well-being, was 
legally established, by the approving signature of John A. Andrew, 
Governor of the Commonwealth, the Massachusetts Institute of Tech- 
nology, in the terms of the following: — 


Actt to incorporate the Massachusetts Institute of Technology, and 
to grant aid to said Institute, and to the Boston Society of Natural His- 
tory. 





















Be it enacted by the Senate and House of Representatives, in General 
Court assembled, and by the authority of the same, as follows:— 


SecTIoN I. William B. Rogers, James M. Beebe, E. S. Tobey, S. H. 
Gookin, E. B. Bigelow, M. D. Ross, J. D. Philbrick, F. H. Storer, J. D. 
Runkle, C. H. Dalton, J. B. Francis, J. C. Hoadley, M. P. Wilder, C. 
L. Flint, Thomas Rice, John Chase, J. P. Robinson, F. W. Lincoln, Jr., 
Thomas Aspinwall, J. A. Dupee, E. C. Cabot, their associates and suc- 
cessors, are hereby made a body corporate, by the name of the Massa- 
chusetts Institute of Technology, for the purpose of instituting and 
maintaining a society of arts, a museum of arts, and a school of indus- 
trial science, and aiding generally, by suitable means, the advancement, 
development, and practical application of science in connection with arts, 
agriculture, manufactures, and commerce; with all the powers and privi- 
leges, and subject to all the duties, restrictions and liabilities, set forth in 
the sixty-eighth chapter of the General Statutes. 

Sec. 2. [Relates to holding of estate. ] 


Sec. 3. [Specifies the lot of land to be reserved. | 






*Section 1-8 only, see p. 
tChap. 183, Acts and Resolves of 1861. 
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Sec. 4. If at any time within one year after the passage of this act, 
the said Institute of Technology shall furnish satisfactory evidence to 
the Governor and Council that it is duly organized under the aforesaid 
charter, and has funds subscribed or otherwise guaranteed, for the pros- 
ecution of its objects, to an amount at least of one hundred thousand 
dollars, it shall be entitled to a perpetual right to hold, occupy, and con- 
trol, for the purposes hereinbefore mentioned, the westerly portion of 
said second square, to the extent of two third parts thereof, free of rent 
or charge by the Commonwealth, subject, nevertheless, to the following 
stipulations, namely : persons from all parts of the Commonwealth shall 
be alike eligible as members of said Institute, or as pupils for its in- 
struction, and its museum or conservatory of arts, at all reasonable 
times, and under reasonable regulations, shall be open to the public ; 
and within two years from the time when said land is placed at its disposal 
for occupation, filled and graded, said Institute shall erect and complete a 
building suitable to its said purposes, appropriately inclose, adorn, and 
cultivate the open ground around said building, and shall hereafter keep 
said grounds and building in a sightly condition. 


Sec. 5. [Relates exclusively to the Boston Society of Natural His- 
tory. | 

Sec. 6. [Relates to forfeiture of grounds and buildings in the event 
of non-compliance with conditions specified above. ] 


Sec. 7. The above-named societies shall not cover with their build- 
ings more than one third of the area granted to them respectively. 


Sec. 8. The Commissioners are hereby instructed to reserve from 
sale the lots fronting on said square on Boylston, Clarendon, and New- 
bury Streets, until said societies shall, by inclosure and improvements, 
put said square in a sightly and attractive condition. 


Sec. 9.* Upon the passage of this act, the Governor, with the ad- 
vice and consent of the Council, shall appoint three disinterested 
persons, who shall appraise the value of all the lands specified in the 
third and eighth sections of this act, and make a return of said appraisal 
to the Governor and Council; and if when the lands mentioned in sec- 
tion eight shall have been sold, the proceeds of such sales shall not be 
equal to the whole amount of the appraisal above mentioned, then the 
societies named in this act shall pay the amount of such deficit into the 
treasury of the Commonwealth, for the school fund, in proportion to the 
area granted to them respectively. 

Sec. 10.* This act shall be null and void unless its provisions shall 
be accepted within one year, by the Massachusetts Institute ef Tech- 


nology and the Boston Society of Natural History, so far as they apply 
to those societies respectively. 


*Amendments to original bill. 
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DISCUSSION OF THE PRECISION OF MEASUREMENTS+* 
BY SILAS W. HOLMAN, S.B. 
(CONCLUDED. ) 

Investigation of Special Problems. As further illustrations 
of the application of the foregoing methods, and to illustrate the way 
in which any considerable investigation presents for solution its own 
special line of problems, the following discussions are given. 


Cradle Dynamometer. The principle and operation of the 
Brackett Cradle Dynamometer are known to electricians. The cradle 
consists of a platform suspended at each end from a horizontal knife- 
edge, both having their edges in the same line. If the rate at which 
mechanical work is put into a dynamo is to be measured, the dynamo is 
placed upon the platform with its axis of rotation as nearly as possible 
in the line of the knife-edges. The centre of gravity of the whole sys- 
tem is brought up close to the same line by means of counterpoise 
weights above the edges. The rotatory moment applied to the machine 
is counterbalanced by a known weight, w, applied at a known distance, 
Z, along a horizontal arm rigidly attached to the cradle; and the num- 
ber, z, of rotations per minute of the dynamo shaft is counted. We 
have thus to measure three quantities, w, /, and ~. But a study of the 
reliability of the cradle dynamometer involves more than the consider- 
ation of the exactness with which the quantities w, /, and can be ob- 
served. The general action of the instrument must be considered to 
see whether there are in its adjustment or action, during or before a run, 
any causes which might tend to produce errors, whose existence might 
perhaps not be indicated by the action of the apparatus at thetime. A 
discovery of such would lead to their study with a view to finding the 
conditions governing the design or use of the dynamometer. 

It is, of course, impossible to maintain the dynamometer absolutely 
at its normal position at all times during measurement; 7. ¢., to keep 
its pointer at the zero or fiducial mark. It is therefore essential 
that the centre of gravity of the whole system should be sufficiently 
near the line of the knife-edges, so that the failure to adjust to zero 
during a run shall produce a sufficiently small effect; that is, it is 
necessary that the system, like a balance in weighing, shall have a suffi- 
cient sensitiveness. If the axis of the dynamo shaft were adjusted as 
nearly as possible to the line of the knife-edges, with the belt off, still 
on putting the belt on for a run there would be introduced by the belt- 
pull a moment of rotation about that line, because the adjustment could 


* Copyrighted, 1888, by S. W. Holman. 
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not be absolute. We must therefore find whether by making the zero 
adjustment with the belt on, thus counterpoising this erroneous moment 
in large part, we may sufficiently eliminate its effect. Then there 
arises the very important question as to the rigidity essential in the 
whole system. Under the belt-pull the shaft axis and the centre of 
gravity of the whole system must be somewhat displaced. How small 
must this be in order to be of no sensible effect ; that is, how rigid must 
the system be in order that the erroneous moment introduced either by 
the belt-pull acting through the displaced axis, or by the great weight 
of the whole system acting through its displaced centre of gravity, may 
be negligible or of the same effect as the other unavoidable sources of 
error. These and some other points will be now developed. In order, 
however, to make the problem cover a fairly illustrative case of use 
of the dynamometer, it will be stated as follows : — 

Desired to 1 part in 100 the efficiency of conversion, Z, of a 60 
incandescent light shunt dynamo, the measurements of power to be 
made by the cradle dynamometer. Given in advance the rough 
values : — current = c= 60. amp.; volts at terminals of dynamo = v = 
75. volts; resistance of armature = 7, = 0.003 ohms; resistance of field 
coils 7- = 20. ohms; number of rotations of armature per minute = ” = 
1400.; length of fixed arm for weights —=/= 3.4 ft.; diameter of 
dynamo pulley = 2R = 10 inches; weight of dynamo + dynamometer 
= P= 3,000 lbs.; efficiency of conversion = £= about 90 per cent. 
Required the closeness necessary in the component measurements and 
in the adjustments, and a study of the rigidity necessary in the whole 
system. How far should <be carried in the computation, and how closely 
Should the factor (746) for reduction of volts to horse-power be 
computed ? 

Let Z denote the total rate of electrical output in horse-power, and 


W the rate of application of mechanical power. Then E= = 0.9. 


For shunt machine, 


L=(cu+er, + 7) % \ehe = Gig te p. approx. 
Vy f 746 Pp 


In the parenthesis c? y, is written for c?,7,, as being a sufficiently 
close approximation. 


Whence W= 7.1 h.p. approx. And as W= soem, we find w= 8 lbs. 
33000. 


It will be convenient if we can separate mechanical from electrical 
quantities in the discussion. This we may accomplish by assigning 
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proper relative precision* to the factors Z and W, and treating each by 
itself. Since each of these contain about the same number of observed 
quantities as the other, it will be sufficiently close to write 
AW AL t AE _ 06.01 se 
——— — ————. « — —— =— O, 
rT “a 2° Ws . 

Electrical— By general method. MV. 4.—In differentiating with 

respect to c, the term cy, may be dropped, since it is only <}5th of cv; 


se iii ‘ v" ae 
and in differentiating with respect to v, the term — may similarly be 


"f 
dropped Pole = 0,10 ; se of =0.09; 
— = ma !lUlU—m le ee 
Se Si = 6.007 X 64 = 0.045 ; ee 
LS — ee a ee 


using 2 = 3 because 7, may be neglected, as inspection will show. 
dc = 0.027 + 0.10 = 0.27 amp., dr. = 0.027 + 5 = 0.005 ohms. 
dv= 0.027 + 0.09= 0.3 volt, dv, = 0.027 + 0.02 = 1.4 ohms. 
Hence 7, may be neglected altogether, and ~, must be measured with 
coils at temperature attained during the run. 
Also, 2745 <4, a 


$0, 746 qo + Fe <0.0007 “. A746<0.5. 


) 
Mechanical.—By factors. St _ in we r1AW 


"ieee w V3 es 
5/ = 0.004 X 3.4 = 0.014 ft. = 0.17 inch. 

du = 0.004 X 1400= 5.6 rota. p. m. 

sw = 0.004 X 8 = 0.03 lbs. = 0.5 02. 

jz 5 F : 

wl <q: — < 0.0004, d= < 0.0012 .*. ==3.142 is sufficient. 


Sensitiveness and Index Error. — The sensitiveness of the whole 
system to turn about the knife-edges is measured by the weight 9 (to 
be found by trial) necessary, when suspended at the distance / along 


* Suppose M= f (M4,, M,,..., M,, Mj, ..., My) when all M’s are observed quanti- 
ties, and that f£ ( ) is capable of separation into two (or more) factors each a function 
of observed quantities, so that 

M=f(M,,..., M7) =o (M,,..., My). p (MG... Mz). 
Let x and # denote the number of quantities in ¢ ( ) and p(), respectively. Then for 


equal effects 
A¢() r AM Ap()_ |p 4M 
60) =\i-43 Oe >t =\' mM 
4¢(), 4g SPO. a 


0 ( ies O are the fractional precision of ¢ ( ) and p ( ), respectively. 





where - 
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the lever arm, to move the index from zero to one division of its scale. 
Suppose # = average number of divisions unavoidable error in adjusting 


al ; up. —— 
to zero or normal position during run. Then f is the fractional error 
in total weight wat / dueto this source. To be negligible this must 
ow dw, w 


. we id 
be less than ,}). > Pie — 


= For the case in hand w= 8 


eee ow 
lbs., aad suppose # = 0.25 division (m.m.), and Tp = 0.004, .. p = 


0.0004 X = = 0.013 lbs. =0.2 0z. This limit may be easily reached. 


Ten times this amount would cause an error of the same magnitude as 
OW 
w 

Shaft to Line of Kntfe-Edges, and Zero Adjustment. — How closely 
must this adjustment be made with the belt off? Let 2a—=sum of ten- 
sions on two sides of belt. Assume for simplicity, at present, a parallel 
belt. Whether the belt is at rest or running the resultant pull is about 
thesame in amount and direction; and as at time of weighing there 
t is rotation without translation, there must be a resultant through axis of 
shaft equal to 2a, and in same direction. If this axis is out of line of 
knife-edges by a perpendicular distance, d, there is on the dynamometer 
a moment not exerted in rotating the armature but still to be counter- 
balanced at /; 7. ¢., an erroneous moment, of amount 2ad sin 4, where @ 
is the angle between direction of resultant belt-pull and direction of d, 
an angle equally likely to have any value. Let R=radius of pulley 
on dynamo, = 7— S= excess of tension of tight over slack side of 
belt. Then 6R = driving moment. Hence fractional error from im- 
perfect adjustment, z. ¢., ratio of erroneous to driving moment, is 


2 ad sin 8 
ae 


for which we must find a in terms of 4. For leather belt on iron pulley 
T-~- S cannot be more than about 3 without excessive slip; and on 
tight dynamo belts it is likely to be much more than this. Hence 


b 
a , 
c= =%..a>2 
ee 

2 


as a least value, and a = 54 would be nearer an average amount. Sub- 
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stituting the latter under the assumption that it is constant, z.e., that the 
resultant belt-pull remains constant, gives 


2ad sin 4 a 

y = 10 RP sin 6 

This, then, would be the fractional error if shaft were aligned with knife. 
edges, and dynamometer were brought to zero position with belt off, and 
not again adjusted with belt on, which would be the easiest, but, as will 
be seen, a very inexact procedure. In order that this error may become 
negligible, 





Ow. R 
w i10sin 6, 


- bw 
10 sin é < Cr ae #8 a <7. 





Of course @ is always unknown. We may therefore solve for its 
2 , 
average value — or 3 approx. In the present case R= 5 inches, whence 
us 


5 
10 X 3 





d= 0.0004 X = 0.0003 inch, in order to be negligible, or 


' Ww. : ‘ 
0.003 inch to be of same effect as Obviously either of these 


limits is utterly beyond reach, and hence the dynamometer must 
be adjusted to zero or normal position wzth belt on and strained 
to full tension at which it is to be run. If this were done the 
error would be fully compensated, provided that the belt-pull re- 
mained constant and the index were kept at zero at all times, and, also, 
that d remained constant,—a point to be considered later. But all of 
these provisions are impossible of fulfillment, and must, therefore, be 
further discussed. First, then, as index cannot be returned to zero at 
time of weighing within divisions (7 = 0.25 as already stated for this 
case), we must find how small d must be in order that this unavoidable 
error may be negligible. Moving index over divisions will turn 
dynamometer through a small angle 54, such that 646 = tan”. Now 


the change in erroneous fractional moment due to this will be 


df PO d es ad 

3 - 6 \=— — = 0 * 6 )j= — = 6, 60. 

da\'° poin ) 10 & cos é 3( 10 poin ) 10 5 cos 
ee : ow 

To be negligible this must be less than ;/; 


ee 10° wy 10 cos 6.00 
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For the case, in hand 7 = 0.25 mm., and /= 3.4 ft. = 1040, mm. 


' n O25 
“(== ne == - ==0.00 025, 
l 1040. 


and to be of negligible effect for average value, = of cos 4 


5. 


5 ==\522 nen, 
10 X 2? X 0.00025 





d < 0.0004 


Thus so far as error from erroneous moment of belt-pull owing to 
imperfect zero adjustment is concerned, a very rough adjustment to line 
of knife-edges will suffice. 

But the assumption that the belt-pull is the same when the belt is 
running as when stationary, and that it remains constant during a run, 
—apart from fluctuating changes which neutralize each other,— is one 
which persons familiar with leather belts in practice will not readily 
grant. Even under favorable conditions, the quantity 2a, when the 
belt is running, is liable to differ by several per cent from its value when 
the belt is stationary. Hence we must see how this affects the admis- 
sible value of d. Let us compute the value of d, which would lead toa 
negligible error for a ten per cent change in the total belt-pull. Ob- 
viously this would be ten times as great as the value found in the solu- 
tion for the error due to the total belt-pull; z. ¢., it would be 


d’ = 10 X 0.0003 inch = 0.003 inch, 


w ‘ ; 
or to be of same effect as er da’ =0.03 inch. There are no sufficient 
Ww . 


data to determine whether a change of ten per cent is unusual; but in 
my opinion it is not so. Any permanent change in belt-pull would be 
indicated by changed position of rest after the run. Thus the alignment 
of axis to knife-edges must be made with very great care, in order that 
the unavoidable errors may not be greater than those coming from dw, 
dw, etc., and it can hardly be rendered much smaller than these. 

From the considerations of this section we then infer that 

Dynamo shaft must be adjusted as nearly as possible to line of knife- 
edges. 

Dynamometer must be adjusted to zero with belt on and tightened. 

Belt should not be unduly tight. 

Radius of dynamo pulley should be as large as possible. 


Yielding of Structure under Belt-Pull. Erroneous Belt-Pull. — The 
system or structure consisting of the dynamometer and the attached 
dynamo cannot be absolutely rigid. The belt-pull is large (200 to 500 
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lbs., say, in present case). Under this stress the structure is strained, 
and the shaft is thus displaced from the line of the knife-edges. Also, 
as the shaft is not an absolute fit in its journals, it may “climb” slightly 
in running, with an effect similar to the above. We have first to con- 
sider the erroneous moment due to the belt-pull, arising from this yield- 
ing. This problem is similar to the one solved in the last section. Let d 
be the amount of displacement of axis, measured at the pulley and nor- 
mally to the line of the knife-edges. That part of d which is constant 
will be compensated by the adjustment to zero with the belt on. That 
part which is rapidly fluctuating will eliminate itself; and the compo- 
nent of din the direction of the belt-pull will not be effective. Only 
the progressive change in d@ will enter into the result. To study the 
effect of this we have to differentiate the expression for the fractional 
erroneous moment with respect to d. 


d ae iO .. 
dd (10%, sin 0) a sin @ 


Of course the tendency to greatest yielding will be in the direction 
of the belt-pull. But owing to the form of the structure, the direction 
of d will usually be more or less out of that line. The value of © would 
have no general average. Let us solve for 0= 90°. 
in hand, to be negligible, 


Then for case 


ow R 
whe a ae i 
bd < 75. . bea <<0.00 02 inch, 





. bw : bean cy 
or 0.002 inch to be of same effect as a This shows the vital impor- 
e 


tance of great rigidity, and leads us to inquire in what direction the 
yielding will probably be least. A consideration of the form of the 
system shows that this will be the vertical direction. Hence the belt 
should be run vertically, and, preferably, downward. Thus 

Whole system must be very rigid. 

Belt should run downward from dynamo pulley. 

Dynamo must be adjusted to zero, with belt on and tightened. 


Yielding. Displacement of Centre of Gravity. — Let h be the hori- 
zontal and v the vertical component (referred to the dynamometer in 
its normal position) of the displacement D of the centre of gravity of 
the whole system under the belt-pull (or for any cause), D being meas- 
ured perpendicularly to the line of the knife-edges. Let P represent 
the weight of the whole apparatus. The vertical displacement produces 
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no effect except to slightly change the sensitiveness. The fractional 

. Ph 
error in the measured moment would be wl? 
ishes as the weight of the whole is less and as the value of zw/ increases, 
i.e, as the rate of output is larger. If the dynamometer is adjusted to 
zero with the belt on, then the constant part of this error is eliminated, 


which obviously dimin- 


‘ P.bh 
and the error is reduced to 7 when 6% represents the permanent or 
progressive change in , since fluctuating changes eliminate themselves. 
To be negligible, 
dw wl 
Sh 1. > 
wh< 10° w P 
In the present case this gives 


, 8 X 3.4 : 
oh e eS ee oo le 
t < 0.0004 X ca 0.00000 4 ft. 0.00005 inch, 


: : ow ‘ . 
or 0.0005 inch in order to be of same effect as a Obviously this 


would require enormous rigidity of construction and attachment with a 
belt running in any other direction than that (downward) of greatest 
resistance, and very great resistance in that case. Hence, 

Very great rigidity. of construction and attachment in every part is 
essential in accurate work with a cradle dynamometer. 

Belt should run vertically downward from dynamo pulley. 

The greater the output and the smaller the weight of the apparatus, 
the better the result. 

It would obviously be of decided advantage to drive the dynamo by 
means of a couple without thrust upon the axis if possible. 


Position of Centre of Gravity.—To find experimentally the dis- 
tance x of the centre of gravity below the knife-edges: Use letters 
with former significance, then p = weight at / necessary to tip system 
through such small angle g that the index moves over one division of 
the scale. Then 

2 
Pxtan g = pl, tan g = 5 o. oo iA 

For case in hand, suppose f to have been found by trial as 0.1 oz. = 

0.06 lbs., when system was in adjustment. Then 
Ch XE 


ya —=—= 22. Mm. 
3000. 
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Tangent Galvanometer. It is of importance to know the 
closeness necessary in the component measurements, in the corrections, 
in the adjustments, etc., necessary in the tangent galvanometer of the 
form ordinarily employed in the laboratory. The following discussion 
affords not only this knowledge, but a basis for computing the dimen- 
sions of such an instrument for any desired work. The galvanometer 
here discussed is of a type having a single coil of ~ turns; radius y= 
20. cm., about; breadth = 2b = 2cm., about; depth = 2d = 2.4 cm. 
about ; needle, with distance between poles, = 2/—=1cm., about, sus- 
pended by single silk fibre (coeff. torsion = ©), and carrying glass 
index read to 0°.1 by estimation on circle of about 10 cm. diameter, 
parallax error being reduced by use of mirror. The expression for the 
current is, in its simple form, 


But the second member requires several corrections and assumes sev- 
eral adjustments to be properly made. The corrections may be intro- 
duced in the form of factors, so that the whole may most readily be 
treated by the method of factors. These factors will be indicated as we 
go on, and will be denoted by m,, m,, etc. The solution wili be made 
to find the closeness necessary in the components, adjustments, etc., to 
Cc 


C 


produce separately —=0.001. The attainable closeness will also be 


considered. 


10... . ‘ 
m,= 3 8 numerical factor which should, of course, be taken to 


ae <3); X 0.001 whence = should be taken to 3.1416. 
1 


sH 
Mm, = H=0.17 abt... 7 =0.001 .'. J = 0.00 02 abt. 


The measurement of H with this precision is difficult ; and diurnal 
and local variations are of about this order of magnitude, though the 
latter may be much larger. The nature and magnitude of the errors 
entering into the measurement of H depend so entirely upon the method 
and instrument employed that they will not be here discussed. It will 

SH 
be assumed that H can be found to Jess than 7 = 0.003. It should 
be remembered that relative measurements of C are independent of the 
absolute value of H, and are subject only to the variations in H during 
the measurements. 
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m,=r, by =0.001r=0.02 cm. Direct measurement of the diameter 
ar by a steel scale, correct within 0.1 mm., may be made at many diam- 
eters. This is liable to errors from irregular thickness of insulation 
(causing uncertainty as to position of wire), from irregular winding, and 
from ellipticity of coils. An AD for ras small as 0.02 cm. may be ob- 
tained on a good coil by careful work. It is usually better to measure 
the outer circumference of the coil by a steel tape, and the average 
thickness of the coil, and thence to compute r; or, better still, to meas- 
ure the circumference of each layer as it is wound. A circumference 
measurement to AD = 0.01 cm. would give dr = a 
ference = 2=r. Sometimes the length of the wire to compose the coil 
is measured before winding, and ry computed from this length and x. 
But liability to stretch renders this result unreliable except with heavy 
wire wound and measured with great care. 


-Cm., since circum- 


m, =n. This is necessarily a whole number, and unless ~ = 1000 
or more, cannot be in error by one turn without producing a greater 


oC 
effect than—= — 0O.OOI. 








Cc 
m,—=tang.'. Om, —=<dtan y=0.001 tang. Since tan q isa vari- 
able, we must study its 6 as a fraction of q. 
d (tan q 5 tan « 2 84 ; ; 
ue 9) = sec’ .*. — P——?. Several important points de- 
dg tan @ sin 2q 
P P . ‘ ‘ 6 tan g. re 
ducible from this expression will be given later. fang 18 2 minimum 
P 
for g = 45°, as will be seen by inspection. This value only will be 
, " . Od tan q iC sin 2X45° 
considered here. For this, Fs 0.001, dg = 0.001, »X45_ 
tan @ S 2 
= 0.0005. The arc whose length is radius is 57°.3 appr. .°. d¢°== 0.0005 


X 57.-=0°.03 about. The galvanometer considered is read to 0°.1 by eye 
estimation of tenths of degree. It is assumed that in a single estimation 
the maximum error will be ,4; degree. A value of 9 is the mean of four 
readings. The case falls under the first special law of deviations. 


° P . 0.0 
Therefore the ad of single estimation = ° = 0.025, and for the mean 


of the four readings, 8 = = 0°.013. Thus the errors of estima- 
4 


tion in reading y = less than } the 5 prescribed. But there are also 
errors in » from eccentricity (eliminated by averaging), irregular grad- 
uation, inclination of mirror and graduated circle to horizontal, inclina- 
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tion of plane of coils from vertical, and displacement of plane of coils 
from magnetic meridian. Irregularity of graduation must be separately 
studied and corrected, though the averaging of four readings reduces 
its effect. The other sources of error mentioned will be discussed later, 
and it will be shown that with care they can be rendered negligible in 
effect. The combined errors of estimation and graduation may easily 
fall within dg = 0°.03. 


In discussing the correction terms we may desire to know: Ist, 


Values of 5’s to make the correction term either of a given effect, ~ 


or negligible so that it may be omitted. 2d, Values of the magnitude of 
the quantities entering into the correction which will make its effect 
either of a given amount, or zero, or negligible. 

The correction terms are all factors of the form m= (1 + A) when 
A isa function of one or more quantities, x, y, etc., and is small, rela- 
tively, to unity. Hence, 

dm _d(i+A)_ dA 
dc” dx ax 
and as m= 1 (sensibly). 


bm = 6A, 


6 6 
Om _ 9A __ 44 
™ I 


Om om ; a 
Thus, for = 0.001, JA= 0.001, and for a 000015 z. é., negligible, 
3A < 0.0001. 
se sg ; , 
m, =(1+4.= —}4.-—) is the correction factor for dimensions of 
all r 


coil-section, when 24 and 2d do not exceed 0.1, or, better, 0.05 of ». 
Consider first values of 8’s which, with the given magnitudes of 24 and 


t) al 
2d, will make —? negligible ; z. ¢., less than ;};X0.001. We must then 
6 


a a ’ 
have {A= 3 (4. a 3. “)<0.0001. As r must be determined more 


closely for use in m, than for this correction, 47 may be here dis- 
regarded. Applying XXII. for equal effects of 6’s, we have 


A 
A= =10:0001 8 ='2) +: a = 0.00007. 
= wr a a = — §. 7a Oras 26 and 2d are the measured quantities, 
aA 6 dA d . ae 
d2b. 2r° d2d—— } yp $26 = he Zap 7 cm., 62d = 0.07 cm. 
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Of course we might similarly compute the values of 626 and 682d for 
= 0.001, but this is unnecessary, as it is obvious that the narrower 
limit just computed can be attained, and thus the correction rendered 
sensibly exact. 
For magnitudes of 6 and d. The correction will be negligible when 
; , e ar 
A<o.00o!1. Inspection shows that A is zero when }. -, = }. a $0, 
4 we . ‘ oo 
yim 8 or a approx. For the given galvanometer it is only necessary 
zs Y ¢ 
then to have these proportions exact within 92 = 0.06 cm., and 32d = 
0.07 cm., in order to have the correction vanish. It is obvious that this 
proportion of &.:d may be considerably departed from without loss of 
accuracy, if only the correction be carefully determined and applied. 
It should, however, be borne in mind that the form of the correction 
assumes a uniform distribution of wires in the coil-section. 


Z3 ee ; ; 
, = ( —3.54+12, sin’ ) is the correction factor for length 
‘ | a 


of needle when 2/ does not exceed 0.1 to 0.05 of r, As in m, we may 
consider y as exact. A similar statement applies tog. We have, there- 
fore, to deal only with 62/. Consider first values of 82/, which, with 


? : ‘ 57 - eee 
the given magnitude of 2/, will render = “ negligible; 2. ¢.,<<0.0001. 


As A contains g, which, though exact, is not constant, it should be 
studied for all values of gy. But for its best work the galvanometer will 
be used only between g = 30° and 60°, and it will be shown that A in- 
creases from 9 = 26°.6 upward. Hence it will suffice to compute for 


eee [2 
the worst case. Substituting, then, y=60°, we find A = 2-, nearly. 


re 
aA 4 r r? 
._>s=>-], °. J=— , =— 
a7; 2 él yr 6A, 62/ _ 
which is easily attainable. Note that 2/ is the distance between the 
magnetic poles of the needle, which is about 0.85 of the whole length 
if the needle is a straight, thin prism. 


. SA= 0.04 cm., 


) 


; . ' Pe 7 a , 
The correction will vanish when }. -, = 1,..,. sin? g. Solving this for 
i r 
9 gives p=26°.6. Hence the correction vanishes, whatever the length 2/ 
(within limit 0.17), when the deflection is 26°.6. For the given gal- 
vanometer the correction cannot be disregarded nor rendered negligible 


between -30° and 60°, because 1 cm. is about as small as 2/ can be made 
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without introducing too great torsion correction, and $2/ cannot be re- 
duced much below 0.04 cm. 





nae , ; 
m,=(1+ ; is the correction factor for torsion when this is 
. sin 9 


not unduly great. This does not take account of initial torsion, which 
is in part eliminated by reading reverse deflections. In this factor » 
may be regarded as exact, for reasons similar to those given for rand g 
in m, and m,. But though exact, y varies. Inspection shows that as 
y increases more rapidly than its sine, the value of m, increases up to 
y= 90°. Hence, for reasons similar to those given under m, in a sim- 
ilar case, we may consider only y= 60°. Substituting this value gives 


371 « 
A=70.0 nearly. To find value of 50 to make 8 negligible, z.¢., 
8 
5A <.0.0001, we have 


dA 0.0001 

qo 7 oe = 70 —== 0.00 000 14. 
To ascertain whether this is attainable in the given instrument, we must 
know how closely @ may be found in it. With the needle strongly 
magnetized and suspended by a single fine fibre, 9 may be as small as 
0.00005, or even 0.00001, and may be determined within ten per cent of 
its value; 2. ¢., with 69 = 0.00000 § to 0.000001. Hence, torsion factor 
bm. 





in such case may be determined with such closeness that is negli- 
8 
ble, but the correction must be applied in this grade of work. 


; x 2 a92 
m,= (1+) ei 


. A ) is the correction factor which serves 





to correct for the displacement of the centre of the needle from the 
centre of the galvanometer coil, x and y being the rectangular compo- 
nents of this displacement in the plane of the coils, and z the component 
perpendicular to that plane, x, y, and z being small in proportion to 7 
By inspection, therefore, it appears that along any surface whose equa- 
tion is x? +- y* — 22? —0 the correction would disappear. If a limiting 
value a be assigned to x, y, and 2, each, the correction will be a maxi- 
mum when =O and +=y=a, or when r=y=0, andz—=a. As 
all values between oO and a will occur, the correction term may have any 


2 
value from I tol + 355 The law of distribution of the errors will be 


a special one, but will not differ widely from the general one. Hence 


ear , 
the ad may be assumed as about }. ao [See paragraph on Estimated 
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Precision Measures, p. 198.] In order, then, that m, be negligible, we 


may write 
2 
a ‘ 400 

3. —<q\p X 0.001 =0.0001 .*. a*<0.00017 : =0.05 cm. .*. a<0.22 cm. 
a 


That is, the centre of the needle should be within a radius (on the 
average) of less than about } cm., which is easily possible. 


m,, is the correction factor for the inclination of the circle to the hori- 
zontal, which would, of course, introduce error into gy. The graduated 
circle is assumed to be rigidly attached to the mirror. Suppose the cir- 
cle and mirror inclined by an angle & to the horizontal. The line of 
sight is always normal to the mirror. Imaginea right circular cylinder 
erected with the graduated circle as a base. Then the accompanying 
figures will represent projections of this cylinder. £’” F’” will be the 
projection of the circle upon a vertical plane. G/J/ will be another pro- 
jection of the circle upon a plane at right angles to the former and par- 
allel to the axis of the cylinder, — which, of course, is the direction 
of sight in reading. ’A’F’/' is the projection of the circle on a plane 
parallel to itself, and, therefore, shows the circle in its true dimensions, 
as it is always seen, because the lines of projection are here the lines 
of sight. The horzzontal plane swept through by the index would be 
then that indicated by ABEK —A”D"E”, making an angle / with the 
plane of the circle. This plane will intersect the cylinder in an ellipse 
ABEK—A"D" E"—A'B'E'T F’. 

1, Let A, A’, A” be the zero point of the circle and index. Let 
the needle be deflected to the position D”’, B, B’. The real angle of 
deflection g of the needle in the horizontal plane will be represented in 
the diagram only by its projections ACB —A’C’B’. The observed angle 
is gy =A’C’B’, which is, of course, the projection of » upon the base of 
the cylinder. We must find some equation connecting g and q’. Pass 
a plane tangent to the cylinder along the element AG— A’. Its trace 
in the plane of the circle will be J7A’D’. Prolong CP’ until it intersects 
MA’ at D’, and locate on the other projections the corresponding points 


Mt /? 


D’,D’”. Then tan gq’ lies when r= AC= A’C= E’'C= radius of 
AD’ > A’ yy 





tan g A” D” 


circle. Also, tan g —=—— —. Hence-—— = —,,,,— cosk 
? r r tan @ A’ D 
tan q’ , 10H tan q’ : 
. tan g=———*, and we may write C = —— T The effect of in- 
cos h G cosh 


clining the mirror 7” thzs case is thus the same as inclining the coils in 
the cosine galvanometer. 
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2°, If the angles be measured from £, Z’, E” as zero position, then 


tan g’=tan 7 CEL’= = a P da a 


a 


yr E 
tang—tan ¥CE revolved =F 
tang’ <A”’E” A’E” 1 


SE cee St — .*, tan ~=tan q’ cos h. 
tan g Y yl 3 cos kh g } 


37°. If the zero line be neither AC nor EC then the correction will 
be unsymmetrical, but, as it will not in any case differ widely from the 
above values, it is unnecessary to discuss the general expression. 

It may be seen by inspection that the reading of both ends, and of 
reversed currents, will not affect this error. In the demonstration it 
has also been assumed that the projections of the centre of the needle 
was upon the centre of the circle. If this is not the case a variable 
eccentricity will be introduced, which will be eliminated by the ordinary 
method of reading both ends of the needle. 

In order that the error from # may be negligible, we must have 


wees Ae tan g — tan q’ 
< 00001. From equation in 1° case = 


tan ¢ 


; cos k —1 ; 
—, and in 2° case = ae a which, for small values of *, = 
O 


sh 


—appr. Thus for small values of % the difference in the two 


cases is merely one of sign. To be negligible we have, then, cos 4 = 
I —0.0001 = 0.9999; whence 4 <_0°.8, which would require care in 
original adjustment of plane of mirror to horizontal, and corresponding 
care in subsequent leyeling of galvanometer. 


m,, is the correction term for ellipticity, or irregularity of coils. The 
strength of field at the needle due to unit current in the coils might be 
found by integration. This will increase in intensity as the coil be- 
comes more elliptical. But the value of the integral will change slowly 
with small eccentricity of the ellipse; and as it is easy to keep the differ- 
ence between the major and minor axes within limits of a fraction of a 
millimetre, it seems that the error may be considered as then negli- 
gible — though always tending to producea + errerin C as computed 
on the supposition of a circular coil. Irregular winding of the coils 
tends to produce a similar effect. 


m,, is the correction factor for plane of coils not being vertical. Let 
v be the angle by which the plane is inclined to the vertical. The 
effective part of the field G is then its horizontal component only, viz., 
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G cos v. This error will, therefore, be negligible, similarly to My 
when I—cos v <(0.0001, or v<_ 0°.8 about. 


m,, is the correction factor for plane of coils being out of magnetic 
meridian. If it is so, the field F at the centre, due to the current, is 
oblique to H and g, > or < q,, 2. ¢., the deflections on opposite sides of 
the zero are unequal. In Fig. 1 the plane of the coilsis inclined by w 
to the west of north, z.¢., by a—angle. The deflection usually em- 
ployed is 4 (¢,+9,), these being the angles swept through by the pointer 
in passing from its normal position when the zeed/e is in the meridian 
to that when the needle is successively in the directions of the resultant 
fields with reversed currents. Of course corrections may be made for 
error of index from zero of scale when at normal position, but no advan- 
tage is thus gained. The error m,, may be eliminated by turning the 
coils by trial until, when corrected for initial position of pointer, g,=9,; 
but exact adjustment is troublesome, and it is, therefore, necessary to 
know the best process, and how small it is necessary to make w in order 
that it may be negligible. 

In the figures Fis the field due to the current in the coils; w= 
angle between plane of coils and meridian; g = the true angle of de- 
flection ; g, and g,=the observed deflections with reversed currents. 
Figures 2 and 4 show the constructions to find, by triangle of forces, 
the direction and magnitude of the resultant fields PA, PA’, PB, PP, 
etc., and thus the values of g, g,, and g,. Figure 3 is the solution 
for the case when (= H, 2. e., where g = 45°, where it appears that 
whatever the value of w [= AOB, or AOD, etc.] the value of 9, +9, 
[= BPB’ or DPD, etc.] is always 90°, so that 3 (g, + q,) will be g, the 
true deflection. This surprising result points very strongly to the use 
of deflections of about 45° when accurate values of Care sought. Fig- 
ure 4 represents the general case, and from it the following demonstra- 
tion gives the general expression connecting q, (9, + q.), and w. 


OC _ sinOBC _ sin (g0°-+w-+q,) __cos (w + 9) 
OB™~ sinOCB” : 


= OC 
sin(go°-+ 9,) cosq,  F 





OBP, 


OC _ F cos (w+ 4) 


*. tan g, = >> cos (w+ 91) __ 4... Cos (W+ 41) 
*1 H A COs Py ORs “a cos Py 


= tan » [cos w—sin w.tan g,] = tan g cos w— 
tan g. sin w. tan g, 


__tan g.cosw 
~ I-+tang.sin w 
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OB'P OC _ sinOB'C’ _ sin(90°—w+q,)__cos(g,—w) OC 

In OD") OB — sin OBB’ sin (90°°—q.) += cosqg, F° 
OC’ _ F , cos (%, — w) 


.. tan g, = = 


- oon (9 
H H COS Hy er 


COS {fo 


tan » [cos w-+-sin w.tan g.] = tan g cos w+ 
tan g. sin w. tan gp. 


tan qm cos w 
I — tan g.sin w 


tan @. Cos w ib tan gm cos w 
: tan g,-+ tang, 1I-+tang.sinw’ I —tan@gsinw 
tan (9,-+ g) = —— 


I—tang,.tang, — ‘ tan? @ sin? w 





I — tan’ g sin* w 


__ 2tangcosw_ 2 tan} (9, +%) , 


“a tanty (5 F9) 
*, (1—tan? 3 (g,-+ g,)) tan py. cos w= (1 —tan? g) tan } (9, +9,); 
', tang.cos w. tan? 3 ( g,+-q.)-+(1— tan’) tan 3(9,+q,) = tan 9 cos w; 
: ' tan? p—1 + V{tan! g—z tan? g+-1-+-4 tan? cos.” w 
*. tan 3 (9, + $2) = z 
2 tan m.cos w. 


The upper sign of the + must be taken for the radical. 





For suppose w 


tan? g—1+(tan2q-+-1 
= 0, then V {etc. |= tan? g-+1 and tan 4 (q,+-9,)= g ; — g+t), 
2 ; 





2 tan? g 
tan g¢ 


is, of course, the proper value, while that obtained by taking the lower 
sign would not be so. Hence 


which with the upper sign is tan } (g,-+ g.) = = tan g, which 


en __ tan? —1+/W{tant g + 2 tan?g. cos 2 w+ 1} 
ig the Milne Jon 2 tan g. cos w. 





For the case, already solved geometrically, when g = 45°. 


-_ po fe . 
its, 4930S eee eee 


2 cos w 2cosw 





For ¢ = 90° (impossible on tangent galvanometer) tan } (q, + 4) = 
which is indeterminate in form. 


The simplest way to study the effect of this error is to plot a series of 


6C : : . 
values of C for various values of y, obtained by computing tan } (g, + 


Di 
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2) by the above equation for a series of small values of w. From such 
6C 


a plot made with values of C as ordinates, and of w as abscissas, we may 


find that the value allowable, in order that ~ shall not exceed the negli- 


i 
gible amount 0.0001 is about w= o0°.5, when the values of » are between 
30° and 60°. This closeness cannot be attained without careful adjust- 
ment of the plane of the coils by some such method as that to be de- 
om. 3 
scribed. For a limit G = 0.001 the value of w= 2°.5, about, is suffi- 


ciently close, —a closeness easily reached without special attention in a 
well-made instrument. 


Method of Adjusting Tangent Galvanometer to Meridian.— Set the 
graduated circle with line of zero points as nearly as practicable in plane 
of coils. See that index is very nearly parallel to axis of needle. Turn 
plane of coil until index is parallel to line of zeros. Then coil is approx- 
imately in meridian. Pass constant current to produce about 45°= 9, 
(defi. of N. end to E), read both ends and take mean=gq,. Reverse 
current, and find g,. Thenw=q,—gq,. If wis -+, the plane of coils 
is to W. of N.; wis always toward largest deflection. Turn plane in 
proper direction by w. This will be nearly right, but should be repeated, 
correcting now for initial position of needle, which is, of course, no lon- 
ger zero. The proof is as follows : — 


I 
1-+ tan g sin w 





From page 315, tan g,—tan 9,—tang. cos w ( 


I 
I — tan gsin w 


\; and as sin w is quite small, tan g.sin w is negligible in 


denominators, and tan g,—tan g,—= tan g.cos w(—z2 tan .sin w) approx. 
tan g, — tan g, 

tang 
Write 7, — 9, =A, a small angle, and substitute g,=45° = gq approx. 


—=— 2tan? g.sin wcos w= —tan?q.sin 2 w.*. sin 2 w= 


tang, 1 nS 
I—tan y,tand 





AN 
Then sin 20 =—" ) ' Now tan (+4) = 


1-+ tan A ; 

——- = 1+2tan A approx. .*. sin2w=I1-+-2tand—I> 

I tana si PP + 

2tan A, and as w and A are both small, w=A—9,—g,. For angles other 
. : tan g, — tan 

than 45° the general expression for sin 2 w= —— a " 41 must be 

employed. 
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RESULTS. 


Tangent Galvanometer used between 30° and 60°. 


Discussion of the Precision of Measurements. 








Factor. SC dm 


c m 


-== 0.001 | 





tan @ 


Dimensions of coil sec. 


{ 


[7 = 3.1416] 
0.00 030 
0.02 cm. 

o 


56 = 0°.03 


adjustment. 


626 = 62d = 0.06 cm. 


Val. of d for | Values attainable by correction and 


dC 


¢ 


negligible. 


0.0018 
0.001 
re) 
0.001 


0.0001 negl. 


Length of needle. 6/ = 0.04 cm, 0.0001 negl. 


Torsion. d8= 0.00 000 14 0.0001 negl. 


Needle out of centre. @ = 0.22 cm. 0.0001 negl. 


Incl. of circle from hori. 0.0001 negl. 


Ellipticity of coil. —— negl. 


Coils out of vertical. 0.0001 negl. 








Coils out of meridian W =9°.5 W=O.5 0.0001 negl. 














If each m 
AC 
C= 


If the corrections and ad- 


Inspection shows that the chief source of error is in H. 
be allowed to affect C by . = 0,001, the resulting effect will be 


0.001 4/13 = 0.0036, or about 0.4 per cent. 


: : AC\2 
justments be made as indicated in columns 4 and §, we shall have() 


Cc 
=about 0.25 per cent. Relative current measurements do not involve 
H, and .*. for them A—o0.0014, or about 0.15 per cent. 


= 0,0018? +- 0.001? + 0.0012 + 7 X 0.0001? (negl.) = 0.0023”, or 


Tangent Galwanometer. Best Range of Deflections.—To de- 


7, - ; ; AC 
termine what this range is, we have to consider the effect on C 
achange om in the reading; 2°, the length of the needle; 3°, the tor- 
sion of the suspension; 4°, deviation of plane of coils from the mag- 


”, 
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netic meridian in the original adjustment. It will be shown that if 2° 
and 3° be corrected, the best working deflection, z. ¢., the value of g, 
‘ , A sks ‘ : 
which will make a minimum, is y= 45°, but that any deflection from 
30° to 60° is not sensibly worse than 45°, and that the range of 20° to 
70° is almost as good; giving a range of currents of 3: I in the first 
case, and 7.5: 1inthe second. The kind of tangent galvanometer re- 
ferred to is, of course, the same as elsewhere considered in these notes, 


r°. Change of % in the Deflection Reading.—C=R tan 9. 


6C 20 ‘ R 7 
= <a 307). On any given instrument where q is read by a 
circle, an average value of %@ will be found, which is independent of g; 


IN 


sc a , . 
.". 69 = constant. Hence ~ will be a minimum when sin 2 is a 


Cc 


~ 
0 


maximum, 7. ¢., when g 45°. Moreover the value of © wi be sym- 


metrical about the point y = 45°, because the value of sin 2¢ will be so. 


0° or go? 
or 85 
or 80 
or 75 
or 70 
or 65 
or 60 
or 55 
or 50 


or 45 











: Hi oC 2 59 6 
sae SA ‘n= oO .03, 
The preceding table gives values of Cas for §9 = + 3 


which would give <= 0.001 at p= 45°. Thetable might equally well 
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, 0) 6 tan » . 
be computed from a table of tangents, since jee, 6 tan » being 
g 


the change for 69 = +0°.03. A curve plotted with values of » as abscis- 
C 


sas and of 7 as ordinates, or inspection of the table, will show that up 


to p= 30° or 60° the value of a changes by but }th its value at 45°, 
and is therefore sensibly uniform, and even up to g = 20° or 70° it in- 
creases by but } its value at 45°. Hence as far as 9g in reading is con- 
cerned, the tangent galvanometer of this form is equally precise from 
30° to 60°, and almost as much so from 20° to 70°. 


2°. Length of Needle.—The correction for this has been already 
shown to be zero at q = 26°.6. If the correction is made properly or 
is small enough to be negligible, the resident error will be a minimum 
at 26°.6, so that as far as this affects the result (z. ¢., very slightly), the 
best working angle would be slightly under 45°. 


3°. The torsion correction increases with g, and hence whether it is 


corrected or not this would indicate an advantage in small rather than 
large deflections. 


° 


4. The deviation of the coils from the meridian has been shown 
to be of no effect at y= 45°; and as it is difficult, mainly on account of 
initial torsion, to obtain certainty in this adjustment, there appears here 
a decided reason for considering y = 45° the best working angle. 

On the whole, then, 45° seems the best angle; but when torsion and 
length of needle are corrected, the range of 30° to 60° is about as good, 
and even 20° to 70° not decidedly worse; but beyond 20° and 70° the 
galvanometer should not be employed except in coarse work. 


Electro-Static Capacity Thomson's and Gott's Methods. — 
| Method described in Kempe’s H’b’k of El. Test’g, Ed. 1887, pp. 335, 339.] 
Formula is F, == . &, The battery power used is assumed to be suf- 
ficient to enable a change of the smallest coil.in the resistance box to 
be perceived, so that the precision condition is°R=%R,. The charges 
in the condensers, and therefore the sensitiveness of the apparatus, are 
greatest when the total resistance X + , is as large as possible, viz., 
the total in the box. Hence the magnitude condition is R + R,—=*7,a 
constant, or R,—7r—R. 

By Formula XVI. for factors 


AF,\? _ (8R\2 SRs\?_ I I \. 
=) eat te =(~+ 3) ss 
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Now 








AF, 
7. Must be a minimum, which will occur when 7 2 +5 = is 80, 













_—.. 
* R ee 
and R: R, =1 will be the best ratio. But this will hold when F= F,, 
The best magnitude of F is then F,; z.¢., the known condenser should 
be equal to the unknown, or that condition should be approached as 
nearly as may be. 

This problem is also capable of a simple solution which may serve to 
indicate methods for other similar ones. Substituting R, —=r—R gives 


R R 


















































/ se —" F — pe F, 
oF, aF* af, . 
By definition ro oo f= TR’ éR, 
vrF OF rE r—R r oR 
oF,= OR ee ee ee 
ies <2 oe RR 








We have now, for a given value of _ to find the value of R which 





will render this a minimum, 7 being a constant. 


: d I Sasi —— r+2k 2R aoe = = 
= EGR) =" ™ haar * - R=} or R=, and F=F,, 


Magnetometer. In measuring 17+ H by the magnetometer, the 
deflecting magnet is placed successively at two distances, 7, and 7, 
from the needle, producing deflections g, and g,. And 























M_, yr, tang, —,7,? tan gp, 


1 
See 3 8 
H r; 1 




















Desired, the best ratio of 7, - 7, @. ¢., that which will make ne a 


minimum. The measurements are such that 47, and 67, may be consid- 
ered negligible, and ¢ tan g, = 4% tan g,; thus these are the precision 
conditions. There are no magnitude conditions which bear on this 
problem. Then 


ey d (>) Pe. Oe 
d (tan 4,) (iz) s ro— re” nd 7 (tan ga Fo) Hp ae 


rity 10 
° Read ee (7 2—nap - 62 (tan 9). 
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M es eit 
To make AG a minimum, the fraction in the second member must be 


a minimum ; and we wish, therefore, to find the value of 7,- 7,, which 
will make it so. Writing, then, 7, -7, =, or 7, = r,, and substituting 
gives 

Ce a MS nk ee 

yyy ey |eF ** ap 
in which we have to find the value of z to produce a minimum. Where 
the two variables are independent, as in this case 7, and 7, are indepen- 
dent, the following proposition may be often of service. 


Let u—/f (+, vy) where x and y are independent variables and / is such 
a function that it may be separated, so that 


u= p(x). (5). 


; x i ° 
Then the value of x - y, which makes o (=) a minimum, is the same as 


will make « a minimum. For + cannot be expressed as a function 
of A and, therefore, » (x) does not enter into the determination of x : y 
J 


for the minimum. The same is, of course, true if the separation be 


made into 
up" (y).o (=) 


Then in the problem in hand we have to find the value of ”, which 


10 
n I 
will make at, a minimum. 
(2? —1) 
ad n®+y1 
—s 10 8 a . iain 

— __l " — 3410__ cy8-—_2—=0 .°. m= 1.32 approx. 
dn (n*— 1)? 3 5 32 app 


Electro-Static Capacity. Divided Charge Method.— This prob- 
lem presents an additional point often arising. 


F =capacity of known condenser. 

F,,= capacity of unknown condenser. 

Q = full charge of known condenser. 

q = divided charge of known condenser. 

9. — charge put into unknown condenser, but not measured. Then 


Qe Q=F,: Fi. ge t-9°9=0:9=F,4F-F,.. F,=F(2—1), 


Required the ratio Q : g for greatest precision. Since charges are 
measured by reflecting galvanometer 9Q= dg. By nature of the meas- 
urement / is a wholly independent quantity, so that Q is independent 
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of F,, but g is conditioned by F, and Q. But in the observations, of 
course, °Q and 4g are independent of these conditions. Hence 


aF 2 aF 2 2 FO\2 
A2 = t .- = rn) ia ae = sina eee 52 
r=(Gg 39) Gy -°¢)=[@) + #) | 
Substituting value of F, and transposing gives 
3 (a= y ( E. | . 
=) = (—aa) *\O—a) |** 


Before proceeding to find minimum, we must obtain an expression not 
containing g in the right-hand member, since ¢g is a function of F, and 


Q. Write g= i where z is the desired ratio Q- 4g, and substitute, 


Then 
ge eS i 
fF, (x rane 1)? G 
For a minimum the value of 2 must make the fraction in the second 
member a minimum, and therefore by the proposition given in the mag- 
netometer problem, p. 321. 
d w+n 
dn (n—1y 
The solution of this gives “7? — 2u?—1—=0, m=2.2 approx. 
Battery Resistance. In measuring battery resistance B by two 
deflections, assuming resistance box to be so exact that its errors. may 
be neglected : — 
1°, With any galvonometer for which C= constant, e. g., a reflecting 
galvanometer. Call », and p, the total resistances in circuit, inclusive 
of battery, when C, and C, are flowing. Then 


Sa 2 2 
A2B— a“) 3 |? é 
tt, . Crean), ‘ ss 


For best results we must make C, = 2.2C,, t.¢., p, = 2.2p ,, and a 


B 

as small as possible consistently with avoidance of polarization effects. 

if €, = eC, about, th - ihe = To obtai = ith assigned 
{== 3C, about, a 207% G: ‘To obtain > wi g 


0 
closeness, we must use galvanometer of such sensitiveness that C 
1 B AB 


/20° Pp," B 
IC 


2°, With any galvanometer for which— 


C 


= constant, ¢. g., a tangent 
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— pop dC. 
galvanometer, AB= W732 -¥1_— arp For best results C, should be as 
Ps _ fy 

ve and C, as small as is consistent with polarization and requisite sen- 
larg 2 P q 
sitiveness. In a tangent galvanometer, using deflections of 60° and 
30° for C, and C,, respectively, the ratios will be about C, =3 C,, z.e., 

AB 3 P aC Qu oC 

m= 3 Then>= 775° 2¢= BoC approx. Hence for best 
12 z > 


: ; AB Py : 
results with assigned value of BR we must make — as small as is con- 


B 
sistent with polarization and sensitiveness, and must use galvanometer 


0C B AB 
of such sensitiveness that — < Li nana and that with this value of: Ss 
Ec 2/4 B B 


the deflection will be about 60°. We must make p, such that the sec- 
ond deflection = about 30°. If deflections of 70° and 20° are used witha 


aC 
galvanometer having the same value of | cat these points as the former 


at 60° and 30°, the value “a B —— be about 0.8 as great. Still better 

results may be reached by the use of a potential galvanometer, together 

with a current galvanometer or external circuit of known resistance. 
Battery E. M, F. By two deflections. 


° 


1°. For galvanometer where 3C=constant. A@E = Pa oy aC, 


(14)? | 
ME r1+2 &C 


and inserting + < ‘and E=Cyp,, n= G@—iy' which will bea 


pP . . 
minimum when +="? = 2.1 approx. The best ratio of the currents is, 
P 


then C,= 2.1C,, or sensibly the same as for the measurement of B. The 


a ‘ . 
value of zis independent of the actual value of the resistances, as it 


involves only their ratio p, : p,. 


° 


8C ME pe? §2 
2°. For galvanometer where -~ = const. — = ata e 


e eg a "C2 
which has no minimum, but which diminishes as /, increases, or as /, 
diminishes, as vs - best seen by inspection after writing the fraction in 


the form ——"? aes . Hence we must make p, as small and », 
fy” ap / ‘. — - 20 21 


large as is practicable with due regard to polarization and sensitiveness 


Rogers Laboratory of Physics, March, 1888. 
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FRICTION AND LUBRICATION. 


BY W. O. WEBBER. 


ANY of the practical engineers of to-day do not realize that a 

M warm, well-lubricated bearing will run with less friction than a 

cold one. By a warm bearing I mean one whose temperature is 
between 130° and 160° F. 

In all the oil tests I have made (some two or three thousand in num- 
ber) it has been found that the co-efficient of friction is greater at 
temperatures below 130° F. than above that temperature, and that it 
then falls rapidly until a temperature of from 150° to 160° is reached, 
when it remains nearly constant until the oil wears out ; after which the 
friction increases, for want of lubrication of the bearing. 

The two following tests show this very clearly, and also that the tem- 
perature rises quite slowly at first, and afterward more rapidly. 























Cc. C. On. STanpDARD Larp Oi. 

Time. Temperature. | Co-eff. Friction Time. Temperature. |Co-eff. Friction. 
0.000 80 +5500 0.000 80 -520 
1.000 go -5450 0.875 go -510 
1.875 100 5125 1.625 100 485 
2.625 110 -4625 2.250 110 +450 
3-250 120 -3850 2.875 120 365 
3-875 130 -2850 3.500 130 265 
4.500 140 -2000 4.000 140 175 
5-125 150 +1425 4.500 150 +125 
5.760 160 -1000 5.000 160 085 
6.385 170 .0850 5-500 170 065 
7-010 180 -0730 6.000 180 055 
7-510 190 0740 6.500 190 055 
8.010 200 .0760 7.000 200 .060 
Average. Average 
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It can also be seen that the co-efficient of friction of the lard oil 
decreases for the first 30° rise of temperature much more slowly than 
that of the mineral oil, and afterward more rapidly, but at the end it 
remains more nearly constant. 

The tests were made to find what was the most economical kind of 
oil to use on the railroad by which I was employed, and were only com- 
parative tests. : 

In making the tests a sample was taken from each tank-car of 4,000 
gallons of black oil or kerosene, and one from every 50 barrels of lard 








oil. The flash, fire, and freezing points, together with the gravity, 
were noted, and the sample was then tested on the machine for the 
friction and wearing quality. 

The apparatus used was a journal machine, a cut of which is shown 
in Fig. 1. 

Fig. 2 shows an end view of the machine, which consists of a journal 
A, 34 inches in diameter and 4 inches long, revolving in a box B, made 
in two parts, as may be seen by reference to the figure. 
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A part of the upper half of the box is cut away, so that only one half 
its surface is in contact with the journal, and is pressed down by means 
of the weight W attached to the lever Z. To this lever is fastened a 
piece D, which presses against a projection £, connected to the gauge 
G, which records the friction as the journal revolves in the direction 
shown by the arrow. 

The lower half of the box is held up against the surface of the journal 
as lightly as possible by the weight Wand lever ZL, and serves merely 
to distribute the oil evenly over the surface of the bearing. 

The gil to be tested is introduced through the oil-cup O, and the 
temperature of the bearing found from the thermometer 7. 





























Fic. 2. 


The number of revolutions is found from the counter shown in Fig. I. 

To find the specific gravity of each oil a Beaumé hydrometer was used, 
and the values given in the table are from the Beaumé scale. 

In testing each oil on the machine a ‘‘ warming-up ” test was first 
run, after which the bearings were washed and cooled down to about 
80° F., when a measured quantity of oil was put into the machine, 
which was then turned by hand, to be sure that the oil was evenly dis- 
tributed over the bearing. 
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The test was then started, and the number of revolutions, tem- 
perature, and co-efficient of friction noted every half minute until a 
temperature of about 200° F. was reached. 

Two or more consecutive tests were made with each oil, after which 
two were made with extra winter strained lard oil, which was considered 
a standard. 

The total number of revolutions made with the tested oil was divided 
by the total number made with the standard, to get a wearing value, 
and the revolutions per minute made with the tested divided by the 
revolutions per minute with the standard, to get the lubricating value. 

All the experiments made with tallow or grease of arly kind in a 
semi-fluid or solid state were very unsatisfactory, although the tests 
were carefully made, and great pains taken to smear the lubricant 
evenly over the surface of the journal, which was turned by hand, until 
a perfectly lubricated surface was obtained, before starting the test. 

Ordinarily good lard and tallow, free from acid, would give from 
80 to 90 per cent compared with the standard, while nearly all the 
patent compounds gave less than 85 per cent; some running as low as 
75 per cent. 

The whole subject of mixed and manufactured oils was very care- 
fully looked into, and while many samples gave very high results, 
others gave very poor ones; and nearly all showed the presence of free 
acid when tested with litmus paper, and it seemed that the nearer we 
kept to the simple, natural products, the better were the results 
obtained. 

A point of great practical importance was the fire test of mineral oils 
in the summer months, and the cold tests during the winter. 

An oil that gave a flash at from 355° to 360° F., and would not fire 
below from 380° to 390°, gave good results on the road; while oils that 
flashed and fired at lower temperatures than these, gave trouble during 
the summer. : 

An oil that will not stand a 15° F. cold test without losing its fluidity 
is useless in winter, for the reason that it cannot be got into the 
bearings on the locomotives in cold weather, although readily enough 
applied to those on the cars. 

The appended table gives the results of some of the tests. 
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Kind of Oil. 
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NOTES ON ASSAYING OF LEAD, SILVER, AND GOLD. 
BY FREDERICK W. CLARK, S.B 
CHAPTER II. 


LEAD ASSAY. 


principal sources of lead are,— 


Galena PbS... : ; ; 86.6 per cent lead. 
Cerussite PbCO, ; ; 77.5 ” “ 
Minium Pb,O, : i go. ™ ™ 
Anglesite PbSO, ‘ ; 68.3 ms ue 
Pyromorphite (3 Pb,P,O,-++ PbCl) 76.3 “ " 


The results of the assay of lead by the dry method are inaccurate, owing 
to its volatility (which is increased by S), its tendency to slag off (which 
is promoted by the presence of As, Sb, Zn), and by reason of contamina- 
tion with other metals (Cu, As, Bi, Sb, Ag, Au). Kerl states that 85.25 
per cent out of the 86.6 can be obtained from pure galena, but in poor 
ores the loss is much greater. 

Zinc is partly volatilized and partly goes into the slag. Arsenic goes 
partly into the lead, partly volatilizes, but most of it forms a speiss with 
iron. When present the lead button is always brittle. A large part of the 
antimony present goes into the lead. Copper divides itself between the 
lead and the slag. Silver and gold pass into the lead. Assays by the wet 
methods will be from 3 to 10 per cent higher (reckoned on the Pb con- 
tents) than by the dry method. For instance, a galena giving 65 per cent 
wet will perhaps yield 62 to 63 by dry methods. One giving 16 per cent 
wet will yield 14 to 15 per cent by dry assay. 

The dry assay of lead is in general use at smelting establishments for 
assaying ore and furnace products. Lead ores are always bought and sold 
on basis of fire assay. 

In the assay of lead the object is to flux, by means of the alkaline car- 
bonates, the silica and earthy portions of the material, to reduce the lead 
from its combinations by means of carbon and metallic iron. The slag 
formed serves as a cover to the reduced metal. To further prevent vola- 
tilization and to modify the ebullition caused by the escape of CO, and CO, 
a cover of salt is generally used. Wrought-iron crucibles are generally 
used in England instead of adding iron in the earthen crucibles, the prac- 
tice in this country. 
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The condition of the ore, whether it is sulphuretted or oxidized, pure 
or containing other metals and earths, will determine the proportion of 
fluxes used. 

Five or ten grams are usually taken for assay. For muffle assay the 
Colorado A A Sp Battersea, or the corresponding sizes of Denver cruci- 
bles, are generally used. For the pot furnace, with 10 grams ore, the Bat- 
tersea U or V, or the Hessian Small 5 or Centimeter are of proper size. 
Covers are used in the pot furnace, but not in the muffle. 

The following charges are for 5 grams ore. If 10 grams are used, double 
the quantity of flux given. Use same number of nails, but of larger size :— 





| Calca- | Oxide | Cupri Anti 
| Galenas. | reous or | and Slag. pi i Beja st 
Zincy. §| Carb. - _ 








Ore, grams. 
Soda ‘ 
Potash ‘‘ 


Nails . 





Borax, grams. 


Sulphur ‘“ 
Silver 
Nitre 


Salt 


. cover. | yer. cover. cover. cover. 





Where many assays are to be made a mixture of re-agents may be pre- 
pared, which will serve for nearly all ores. As, for instance :— 
Carb. Soda . ‘ ‘ ‘ 2 pts. 
Carb. Potash : ‘ ‘ ‘ ‘ oa 
Argol é ‘ , ‘ ‘ ‘ . 
Borax glass or coibeieaasl — , a 
Mix thoroughly, and pass through 30 to 40 » mee sieve. Use 10 to 20 


grams for 5 grams ore; add nails, etc., as required. Add silver in slags, 
and use salt cover. 


*The weight of silver used must be deducted from the lead button obtained. 

tUsed with good results on sulphate of lead residues containing up to 20 per cent Cu. 
Object is to dilute copper sulphide and precipitate the lead sulphide with metallic iron. 
The copper sulphide remains for the most part with the slag. 

tif much antimony be present the fire assay should not be used. 

§If much lime is present add 2 to 3 grams oxide iron (ruddle). 

If borax glass is used, take half above weights of borax. 
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A proportion recommended by Mr. F. D. Chase (used at Pueblo 
Smelting Works) is :— 


Soda . 15 pts. 


Borax (dried) . ; ; . ‘ , , : 


Argol : . ; , ‘ ‘ -. o™ 
Add 1 to 3 horse-nails, and salt cover. Use dry-cup full (10-15 gr.) for 
gr. ore. 


Another recommended by Mr. John Duff, is :— 


Bicarb. Soda i ; ‘ ‘ ‘ . & pe. 
Carb. Potash. : ; : ‘ R - | * 
Borax ‘ ‘ - . . P i :. es 
Starch ; ‘ , , ‘ ; ‘ ae 
Sift through 40 mesh, mix intimately, and use dry-cup full to 5 gr. ore, 
Add 1 to 4 nails, according to amount of sulphur present. 


Mr. Geo. Faunce, of the Pennsylvania Lead Co., recommends the fol- 
lowing for lead slags :— 
Slag . : : ‘ ‘ ; ‘ . 10 gr. 
Black Flux ‘ A . ; ; ‘ : 40 “ 
Silver : ; : ' : i " ; ; 
Borax : R : : : . : ‘ 10“ 


Proportions recommended by Percy (Mett. Lead, pp. 111-112) are as 
follows,— galena assayed in wrought-iron crucible, and carbonate and 
phosphate in earthen crucibles. Weights are given in grains (480 gr.=1 
oz. troy = 31.1 grams):— 

I. Il. . J. Vv. 

Ore. ‘ ; 500 500 500 
Carb. Soda . ; 500 350 500 
Borax . ; ‘ 150 30 
Argol . . : 50 50 100 
Charcoal 

I. For pure galenas. 

II. For poorer galenas and rich galenas. 

III. and IV. For phosphates. 
V. For carbonates. 


DIRECTIONS FOR CONDUCT OF ASSAY. 


Weigh out and place in crucible the soda, potash and reducing agent 
(and borax if used as glass), then weigh the ore carefully and place on top. 
With a spatula thoroughly mix the charge and insert the nails, point down, 
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taking care they rest on the bottom of the crucible. Sprinkle the salt 3 
to } inch deep on top, and borax, when crystallized, is dropped on top of 
all. The cover is placed on the crucible and it is ready for the furnace. 

A still better way is to mix two thirds of the flux with the ore, and 
place the other third on top. If you have several crucibles, mark them 
in any convenient way with ruddle, ochre, limonite, etc. 

The assay may be made either in a pot furnace or in a muffle fur- 
nace. 

In crucible furnace the fire should be built with shavings, wood, and a 
little charcoal and coke. Let it burn up well, then add a little coke to 
dampen fire, taking care to have about four inches of coke on the grate 
bars. 

Place the crucible, with covers, in the furnace, and fill around them 
with coke; admit the draught, and bring up to fusion in 5 to 10 minutes. 
Maintain heat until the contents of crucible are in quiet fusion, then in- 
crease heat for a few minutes. Take out the crucible, remove the nails with 
the cupel tongs, tap gently, and set the crucible aside to cool; or better, pour 
the contents into an iron mould. If the contents of crucible threaten to boil 
over, moderate heat by closing lower door, taking cover off furnace, re- 
moving cover of crucible, or lifting it somewhat out of the coals. The 
time of assay should not exceed 20 to 25 minutes. If the fusion is made 
in the muffle, the muffle must first be brought to a bright red heat, then 
crucibles are put in and doors closed. A bright red heat is maintained 
for 20 minutes, or till boiling has mostly subsided, then raised to a yellow 
heat for 10 minutes, crucibles taken out and poured or cooled. 

A brittle button shows presence of sulphur, arsenic, or antimony; a 
bright coating between button and slag, too low heat and imperfect decom- 
position ; a brilliant lead button and vitreous slag, too high and long con- 
tinued heat. 

An assay and duplicate should agree to within } to 1 per cent. If any 
metal adheres to the nails when taken from the crucible, it indicates that 
the reaction is not quite finished, and the crucible must be returned to 


the furnace. In presence of much Cu, Zn, As, Sb, or Bi, the dry assay 
of lead should be rejected. 


Covers are used in the pot furnace to equalize heat and prevent fuel 
from falling into the crucible. 

In the muffle furnace, bring the muffle to a good, clear red heat, place 
the crucibles without covers, prepared in the same manner as for the pot 
furnace, in the muffle, with a little charcoal in front of the outer row; 


close the door, and heat for 20 to 30 minutes, when contents should be 
ready to pour. 













334 Frederick W. Clark. [May 






REMARKS, 

To obtain the best (highest) results in the fire assay of ores and slags, 
considerable practice is required, as the heat, time, fluxes, etc., have con- 
siderable effect on the result of the assay. A more equable temperature 
and uniform heating is obtained in a muffle, and asa rule, better results 
are obtained. Instead of marking the crucibles, the assayer may work 
from right to left, and know the assay from its position in the furnace 
mould, etc. That is, the first assay put in is No. 1, the next to the right 
of No. 1 is No. 2, then No. 3, etc. If in several rows, then the left one 
of row two follows the last one (at the right) of row one, etc. 

It is best, on account of the saving in time, to use a prepared flux, and 
measure the amount required, increasing the usual amount if much lime, 
zinc, clay, etc., be present, and adding a little nitre if arsenic or antimony 
be present. 

The iron used should be of good quality,—that is, free from slag, etc.,— 
and low in carbon, so that no skeleton of carbon, slag, etc., is left on the 
completion of the assay, as little globules of lead are caught in it and lost. 
Sheet-iron, bent to conform with the walls of the crucible, and projecting 
above the rim, may be substituted for the nails. The loss in the lead assay 
is caused in part by the volatility of the lead sulphide, which may sublime 
before the charge is well melted. On this account the assay should never 
be subjected to a long low heat. Moderately high heats and short time 
give the best results. 

A large excess of carbon is used to keep the action in the crucible, 
strongly reducing to prevent the lead from entering the slag as silicate. 
The metallic iron decomposes the sulphide and oxide, and the resulting 
sulphide and oxide of iron dissolve in or combine with the slag. 


GOLD AND SILVER ASSAY. 
OCCURRENCE. 

Gold is found in the native state in alluvial deposits and gravel beds, in 
quartz ore veins, and other rock matter. It is commonly associated with 
iron, copper, and arsenical pyrites, and more rarely with tellurium. Na- 
tive gold is rarely pure, but contains from 1 per cent to 40 per cent of 
silver. 

The sources of silver are numerous. Silver ore may be divided into 
two classes (Kustel),—(A) real silver ores, and (B) argentiferous ores. 
In the first class, the silver occurs as a definite compound, with sulphur, 
arsenic, antimony, etc., as silver gance (Ag,S 87.1 per cent Ag), horn 
silver (AgCl), stephanite (5 Ag,S+Sb,S,). In the second class, the sil- 
ver is associated with another metal or metals, and is often of secondary 
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importance. Galena, blende, pyrites, and cerussite are the most common 
argentiferous minerals. Silver ores are rarely entirely free from gold. 

There are two general methods for the assay of gold and silver ore; 
viz., the scorification assay and the crucible assay. Amy ore can be 
assayed by either of these methods. The assayer selects that one best 
adapted to his ores. 


SCORIFICATION ASSAY. 

The scorification assay is the simplest and surest method, and univer- 
sally applicable to all ores. The objection to it is the smallness of the 
quantity treated, and the time required for assay. The ore is mixed in 
the scorifyer with a certain amount of granulated lead and borax, the 
quantities varying with the nature of the ore, and is then subjected in the 
muffle to a high heat, with exposure to the air. The lead is partly oxid- 
ized, and the litharge combines with the gangue of the ore, forming easily 
fusible silicates. The gold and silver is absorbed by the molten lead, 
while sulphur and the volatile metals are driven off. The borax dissolves 
the oxides and gives liquidity to the slag. The modus operandi of the 
assay is as follows: Weigh out the finely crushed ore into the scorifyer, 
and mix with it thoroughly one half the charge of granulated lead ; cover 
mixture with the balance of the lead, and drop the borax on top. Three 
distinct periods are observed, as follows : — 


(1) Roasting and Fusion Period. Place the scorifyer in the red-hot 
muffle, and close the door. Bring to fusion as quickly as possible (5 to 
15 minutes). The ore will now be seen floating on the bath of molten 
lead. Admit air to the muffle and immediately the lead begins to oxidize 
(fumes arise from the scorifyer, due to sulphur and volatile metals), and 
the litharge formed attacks the gangue and forms a ring of slag around 
the scorifyer. This ring must have smooth edges, and surface free from 
lumps. If this is not the case, either the heat is insufficient or the 
quantity of flux used is not enough. The time required for the roasting 
and fusing is from 10 to 20 minutes. 

(2) Scorification Period. The heat is gradually lowered as the oxida- 
tion progresses; litharge forms freely, carrying with it oxides of other 
metallic impurities, and coming in contact with the sides of the scorifyer 
takes from it the material necessary to form a very basic silicate of lead, 
which forms a receiver for all the non-volatile metallic impurities in the 
ore; and when the slag completely covers the lead bath the scorification 
is finished. 

(3) Liquefaction Period. Close the door and raise heat for 5 or 10 
minutes to liquefy slag, then remove and pour into mould. The whole 
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operation takes from 40 to 50 minutes. (If lumps of scoria appear on the 
slag surface add more borax, or a few grams of litharge.) The lead is 
detached from the slag, hammered into cubical form, and if soft and 
malleable, is ready for the next stage or cupellation. If much copper is 
present a second or third scorification, with fresh additions of lead, may 
be necessary. The borax gives liquidity to the slag at the commence- 
ment of the operations, by dissolving oxides as they are produced, and 
combining with the gangue. When the slag is liquid it is continually 
thrown to the sides of the scorifyer. If semi-fluid particles float on the 
surface of the lead it is an indication that borax is needed. The propor- 
tion of lead and borax necessary for a scorification varies exceedingly, and 
ought to be greater the more difficultly fusible the ore. Borax is especially 
useful when lime, zinc, arsenic, antimony or barium is present. The 
following table, from Kerl’s: Assayers’ Manual (Wahl.), pp. 134-5, gives 
the proportions to be used with ore one part : — 








. Per cent 
Pts. Test Borax REMARKS, 
Lead req. Ginss 


SUBSTANCE, 





Mes AIS 6 wf 12-15 5 After scorifying two portions of 
jy A. T., combine buttons and 
cupel. 

Antimonial Silver ... . 32 K Take 35 A. T. 

Antimonial Ores . . 16 2 Take 35 A. T. 

German Silver or China Silver, 20-24 
Arsenical Ores. . .. . .{| to 16 ‘ High temp. in scorifying. 
Galena, Pure | 
Galena, Silicious . 
Galena, Zinciferous 
Lead, Speiss .. . 
Lead Matte . 

Lead Matte Nickeliferous 
Bronze . 5 . « | 20-2 | Scorify several times. 
Milling Silver Ores . . . 
Iron (cast-iron) . .... 3-12 | First oxidize in muffle or with 
HNO,. 








Copper ‘ 
Jewellers’ Sweeps : 
Hearth Bottoms 
Gun Metal 
Cobaltiferous Ores 
Nickeliferous Ores 
Cupriferous Ores . 
Copper Matte 
Brass i 
Furnace Deposits ; 
Slags ‘ 
Copper Oxide Sees tac ts 
g@inciterous Ores . . . . Ct. 5-25 | High temperature. 
Angentiferous Zinc . .. . 6 | Take 35 A. T. 

Stanniferous Ores. . . . . 20-7 | Scorify several times. 
Argentiferous Tin. . . . . | Oxidize with HNO, Use #5 A.T. 
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For most ores twelve parts of test lead and .2§ parts borax answers very 
well, and a good proportion for general use, is,— 


Ore ; ‘ P ; : , , F LA. F. 


10 
Lea . , . , . ‘ é . 35 grams. 
Borax . . ‘ ; ‘ ‘ ‘ ‘ I gram. 


If the ore is refractory, one half the quantity (,4, A. T.) may be taken, 
or the lead doubled in quantity, and borax added from time to time as 
required. 

For calcareous ores use 16 parts test lead and 15 per cent borax, and if 
surface is not smooth add a few grams of soda carb. 

For teluride ores use 32-100 parts lead and 25 to 50 per cent borax 
glass. 

When gold is to be determined accurately, from three to ten portions 
are weighed out and scorified and cupelled separately. The scorification 
assay usually gives better results than the crucible method on complex 
ores when much sulphur and base metals are present. When ores are 
very poor a number of buttons are combined and re-scorified. As the 
loss of gold and silver is much less by scorification than in the sub- 
sequent operation of cupelling, it is best to carry this operation as far as 
possible. A button weighing 10 to 20 grams is a convenient size for 
cupellation. 

During the roasting and fusing period the color of the fumes gives 
some indication of the composition of the ore. Sulphur gives clear gray 
vapor; zinc, blackish. vapors and a brilliant white flame, also causes ebulli- 
tion and consequent loss; arsenic, whitish gray vapors; and antimony, 
fine red vapors. Observe scorifyer after pouring. Lead colors the in- 
terior of scorifyer a lemon yellow; iron, reddish brown; copper gives green 
(light to very dark); Te gives blood-red (Brown) ; Mn, brownish black. 


CUPELLATION. 


This operation differs from scorification, in that the litharge formed is 
absorbed by the cupel, leaving the lead surface always uncovered. The 
modus operandi is as follows: The cupels are slowly heated until they 
acquire the temperature of the muffle (bright red). Place the buttons 
obtained from the scorification (after freeing from slag and hammering to 
cubical form) upon the hot cupels, close the door, and bring to fusion 
quickly. As soon as surface is clear open the door, and the lead immedi- 
ately begins to oxidize. Most of the oxide is absorbed by the cupel; a 
little escapes from the muffle, as fumes of carbonate of lead. As silver is 
sensibly volatile it is best to keep the heat rather low. When the fumes 
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rise about half the height of the muffle, the metal is luminous and clear, 
and little crystals of litharge (feathers) form on that side of the cupel 
nearest the door, the heat is about right. If the heat is too low, or too 
much copper or other metal is present, the assay will “freeze,” and the 
operation come to an end. The cupel must then be removed, the button 
wrapped in lead foil and placed on a fresh cupel. These assays are usually 
low. If the cupel is too compact the litharge will form a ring about the 
button, as in the scorifyer. In this case remove and cool, wrap in lead 
and place on fresh cupel. If copper be present add more lead, or scorify 
again with addition of lead. When the last of the lead separates, and 
the button is not smaller than a pin-head, there is a brilliant play of colors, 
then the button becomes dull; this is known as the “blick,” ‘ bright- 
ening,” ‘“fulguration,” or ‘‘coruscation.” Let stand a moment and 
gradually withdraw from the muffle, to prevent “spurting” or “ vege. 
tating.” 

The button should be bright, well rounded, and separate easily from 
the cupel. A cupel absorbs about its own weight of litharge. The 
button of silver is now seized with a pair of nippers and the bottom brushed 
with a stiff brush, to free from adhering cupel bottom, etc., and is then 
weighed and allowance made for silver contained in the lead used in the 
assay. If gold is to be determined the button is now dissolved in equal 
parts of strong C. P. HNO, and water,— best in a test-tube or parting 
flask. Decant off the solution; the gold is left as a spongy mass, Treat 
again with strong HNO,. Then wash with hot water, twice or thrice. 
Fill test-tube with water, place a No. 8 porcelain crucible, or, better, a dry 
cup over mouth of test-tube and invert. The gold will settle into cruci- 
ble. Raise tube to edge of crucible and quickly slide off without disturb- 
ing the gold. Decant water from crucible, dry carefully, then heat to 
redness and weigh. When several assays of the same ore have been 
made, it is customary to dissolve all the silver buttons (after weighing) at 
once. If less than two and one-half parts silver to one of gold is present, 
the button will not dissolve in acid. It must then be fused on charcoal, 
with pure silver, or wrapped in lead foil and cupelled. The latter is the 
best way. Instead of porcelain crucibles the “dry-cup,” made of fine 
clay, may be used. This is porous, and absorbs the last of the water. Dry- 
cups should be heated ina muffle, not over a lamp. 

Pure lead colors cupel straw yellow, verging to lemon yellow. Copper 
gives a gray, dirty red, or brown. /ron gives black scoria at beginning, 
and is left on surface of cupel. Zine causes boiling, and consequent loss ; 


also gives a luminous flame. Antimony gives yellow scoria, and cracks 
the cupel. 
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CRUCIBLE ASSAY. 


The advantage of this method is that a considerable quantity of material 
may be operated upon, and the time required is usually less than for a 
scorification. 

The disadvantage of it is, that with some complex ores, containing much 
S, As, Sb, Cu, Te, etc., it is difficult to obtain all the gold and silver con- 
tents alloyed with a proper amount of lead, and sufficiently pure for cupel- 
ling, without an intermediate scorification. The results of the crucible 
assay are not generally as high as the scorification assay if arsenic and 
antimony or large amounts of* other base metals are present; but for 
silicious, oxidized, and calcareous ores, it is recommended for both silver 
and gold. 

In nearly all crucible assays the lead necessary for the collection of the 
gold and silver is obtained by the action of reducing agents upon oxide of 
lead. 

The crucible assay may be divided into two general systems, either of 
which may be used for the determination of gold ; but in the silver assay 
if sulphur is present in the ore, it must be completely oxidized by an 
excess of litharge or by the addition of nitre. In the first system a large 
excess of litharge is used, part being reduced and part going into the 
slag. All base metals, except the required lead, are oxidized and dissolved 
in the slag. This assay is quickly made, but different ores require con- 
siderable modification of reducing and oxidizing agents. 

In the second system, only enough litharge is used to furnish the 
required lead. All base metals, except lead, remain combined with sul- 
phur or combined in the slag, or in the case of As and Sb partly combine 
with iron and partly volatilize. This assay requires a longer time, but 
offers the following advantages :—* 


(1) The right quantity of lead may nearly always be obtained at once. 
(2) It requires slight modification for different ores. 

(3) The button is never much contaminated with copper. 

(4) The crucible is not much attacked. 


FIRST SYSTEM OF CRUCIBLE ASSAY (LITHARGE-NITRE ASSAY). 


This is the usual method of assay with the crucible, but different ores 
require considerable variation in the proportion and amounts of fluxes 
used. If much sulphur is contained, it reduces an amount of lead from 
the litharge that is very inconvenient to cupel; therefore we oxidize the 


*Aaron’s Assaying of Gold and Silver. 





340 Frederick W. Clark. [May 


sulphur by adding nitre to the crucible charge in sufficient amount. The 
sulphates formed are dissolved in the alkaline slag. Most of the base 
metals are oxidized, and enter the slag as silicates. 

If much peroxide of iron or manganese is present in the ore, an extra 
amount of reducing agent must be added; for when the peroxides are 
treated in presence of silica and carbon, an equivalent of oxygen is given 
off, which combines with the C present and escapes as CO or CO,,. 
So we must have present in the crucible not only sufficient carbon to 
reduce a proper amount of lead, but enough more to satisfy the O given 
off. 

The action in the crucible may be described briefly as follows : The 
silica and base metal oxides of the ore combine with the soda and litharge 
present to form easily fusible silicates ; the borax dissolves the base metal 
oxides and gives liquidity to the slag ; the carbon and sulphides act upon 
the litharge, forming lead and sulphates; the reduced lead showering 
down through the charge and stirred up by the escaping CO, of the soda 
carb., combines with the gold and silver present, and finally sinks to 
the bottom of the crucible. The fluxes are chosen so as to give an 
easily flowing slag and a lead button of convenient size for cupellation. 
The more abundant the base metal compounds the more flux must be 
added. 

All ores may be divided into three classes; viz., (a) those requiring a 
reducing agent ; (b) those not requiring a reducing agent ; and (c) those 
requiring an oxidizing agent. 

To the first class belong silicious and oxidized ores containing little or 
no sulphur. 

To the second class belong ores containing about ten per cent pyrite or 
a corresponding amount of other sulphur compounds so that when fused 
with an excess of litharge a convenient amount of lead (15-25 grams) for 
cupellation will be reduced. 

To the third class belong all ores which contain sulphur to such an 
amount that when fused with an excess of litharge, an amount of lead will 
be reduced that exceeds 30 grams in weight, 7. ¢., a convenient amount 
for cupellation. 

The assayer soon learns to judge by its appearance to what class an ore 
belongs, but the beginner must make a test to learn the reducing power of 
his ore, the oxidizing power of the nitre, and, in some cases, the oxidizing 
power of the ore. 

The reducing power of the ore is found by fusing one or two grams of 
ore with say 50 grams of litharge, 20 grams soda, and a salt cover. 
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The oxidizing power of nitre is determined by fusing : — 
Nitre ‘ . : ‘ j ‘ ° : I gram. 
Ore or reducer ‘ : ‘ ‘ a 2 grams. 
Litharge . R , ‘ ‘ ‘ i ie 
Soda ‘ ; ; P ‘ ; : i, <a Ss 


Salt (cover). 


Weigh resulting lead button, and knowing amount that two grams of ore 
would have reduced if no nitre was used, the difference will be the oxidiz- 
ing power of one gram of nitre. It is usually about four grams lead for 
one of nitre. 

Litharge usually contains some silver, and the amount must be ascer- 
tained and allowed for in the assay. 

All ores may be reduced to the first class by expelling the sulphur and 
volatile metals by subjecting the ore to heat ina current of air. This is 
done in the muffle in a shallow iron, or fire-clay dish. Begin with an 
extremely low heat, to avoid loss by spitting, and raise gradually to a dull 
red, stirring at frequent intervals to avoid sintering. When glowing has 
ceased and no SO, can be detected the roasting is finished, and the ore is 
said to be “sweet.” If much As, Sb, or Cu is present after the SO, is 
apparently expelled, add an equal bulk of charcoal and heat again. This 
is to decompose the sulphates, arsenates and antimoniates. 

Carbonate of ammonia is useful to decompose sulphates (as Cu SOQ,) 
formed in the roasting. Sulphate of ammonia is formed and volatilized. 
Dish should be covered after adding it. If ore tends to cake during the 
roasting, mix silica with it. The operation of roasting is not often per- 
formed, on account of the time required and liability of loss by spitting and 
volatilization. 

It is preferable to vary the litharge, nitre, and argol, as required by the 
orein hand. The more refractory or sulphuretted the ore, the larger the 
amount of litharge and nitre necessary. The presence of considerable 
peroxide of iron or manganese necessitates the addition of more argol in 
the absence of other reducers (C, S, etc.). 

Proportion of Fluxes. Mitchell gives one general formula suited for 
all ores, as follows : — 

Ore ‘ ‘ ; ; I part. 
Soda ; ‘ ‘ ‘ ‘ ; > = 


Litharge ‘ ; : 5 parts. 


Reducing or oxidizing agents are added as required by the ore. Borax 
is added if the slag is not sufficiently fluid, and a cover of salt may be 
used if desired. The objections to these proportions are, the expense of 
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litharge and the rapid destruction of the crucible by the excess of litharge. 
A considerable latitude is allowable in fluxing ores, and much depends 
upon the judgment of the assayer. For the three classes of ore (p. 30) 
the following charges are given : — 
For silicious ore a good charge is : — 


*Silver Assay. Gold Assay. 


Ore 3-} A. T. 7A. &. 
Litharge ; 30 grams. 
Soda 
Borax 
Argol 
Salt (cover). 


If Fe,O, or MnO, be present in quantity, add more argol. 


, 80 grams. 
20 3 AQ: < 
5-10 is C* 

I ce ee 


Aor F Battersea 


For slightly sulphuretted ores : — 
Silver Assay. Gold Assay. 
Ore 4A. T. tA. %. 
Litharge 40 grams. 
Soda » * 
Borax 5-10 
Argol +o “ 
Salt (cover). 


100 grams, 
40 ia 
20 ce 

1 

j-o 


For heavily sulphuretted ores : — 
Silver Assay. Gold Assay. 

Ore 4A. T. 1A, T. 
Litharge 50-80 grams, 100-200 grams. 
Soda 20 40 
Nitre 2-20 6-60 
Borax 10-20 
Silica or Glass 0-10 
Salt (cover). 


10-30 
10-30 


A charge commended by Aaron for sulphurets is : — 
Ore . 
Litharge 
Soda 
Borax 
Nitre 


I part. 
8 parts. 
2 ce 
2 “cc 
2 “ce 
* There is no objection to using 1 A. T. ore in a silver assay, except the matter of con- 
venience of working with smaller quantities; nor, on the other hand, is there any rea- 


son why the gold in $ or .3 A. T. cannot be satisfactorily determined in many ores, pro- 
vided the balance can be depended upon to weigh accurately to 745 mg. 
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“Melt gently. When bubbling ceases under a good red heat, add } part 
charcoal in small lumps. 

“In this charge the nitre is sufficient to oxidize all the sulphur in con- 
centrated pyrites. It is important that the slag should be thoroughly 
oxidized, retaining no trace of sulphurets.” 

In this system of assay iron is not necessary. If used, it is liable to 
throw down too much lead. When Cu, Sb, As, Zn, etc. are present a 
large amount of litharge is desirable to thoroughly oxidize them, so that 
they shall go into the slag rather than into the lead. When fusions are 
made in the muffle, this system offers the advantage of smaller crucibles 
to hold the necessary amount of flux. 

For tellurium ores, use large amount of litharge (150-250 grams) and 
usual amount of other fluxes. 

The button of lead alloy obtained by the crucible fusion is cupelled as 
in the scorification assay. (See pp. 27-29.) 


SECOND SYSTEM OF CRUCIBLE ASSAY (SODA-IRON ASSAY). 


For silicious ores this differs little from the first system, but for sul- 
phuretted ores there is a radical difference. In these we make no attempt 
to oxidize the sulphur, but absorb all the base metal sulphides in the alka- 
line slag, and rely upon metallic iron to precipitate the metallic lead. The 
results on heavily sulphuretted gold ores compare very favorably with 
the litharge-nitre assay, 


For silicious ores (dry ores) : — 


Silver Assay. Gold Assay. 
Ore 1 A. T. t A. T. 
Soda 30 grams. 60 grams. 
Litharge a — * 
Borax (0 BS OS 
Argol . = 3. * 
Salt (cover). 

For sulphuretted ores : — 

Silver Assay. Gold Assay. 
Ore 4A. T. t A. T. 
Soda 60 grams. 100 grams. 
Litharge > _— > 
Borax ee = .* 
Nails (10d) 4 4 


Salt (cover). 
Silica. 
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Melt to quiet fusion; let stand in furnace for ten minutes or so, and 
pour. It is well to seize crucible with the tongs when quiet fusion is 
reached, and give contents a rotary motion. The nails will sometimes 
stick to the sides of crucible, and this treatment will send them to the 
bottom, where they are needed. 


Aaron gives the following general formula for assays by second system 
(Part I. p. 53):-— 
Ore I part. 
Litharge I 
Soda 3 
} 
1 


Borax : , 
Sulphur {i ‘ Melt, and leave in fire 20 minutes 


Flour 7 after fusion. 
Glass. 


Iron (3 nails). 
Salt (cover). 





‘‘None of the substances will do any harm, even if not required. If 
the ore contain much sulphur, that may be omitted. If quartz ore, glass 
may be left out. If much iron oxide, or copper oxide be present, increase 
flour and sulphur. For pure red oxide of iron, or black oxide of copper, 
use 50 per cent (of ore used) sulphur and 40 per cent flour. Little cop- 
per gets into the button if enough sulphur is present.” 

Aaron recommends this system for gold-bearing sulphurets. 


REMARKS. 


It is quite impossible to give fluxes best suited to all cases, but by keep- 
ing in mind the action of the fluxes, the assayer will soon arrive at the 
proper flux for the ore in hand. There is the widest diversity in different 
localities and with different assayers. 

Duplicate assays of silver on most ores should agree to within one ounce 
per one hundred. Gold assays should agree more closely than silver. 
Unless the ore contains free gold, assay and duplicate should not differ 
more than ;/; ounce per ton. 

In case of a difficult ore it should be assayed by different methods,— as 
the scorification with varying amounts of lead, the crucible with much 
litharge, and much soda with little litharge, by roasting previous to fusion, 
etc. The highest results should be taken, as a rule. 

The cupellation of the lead button of the crucible assay is treated pre- 
cisely as described in the scorification assay (pages 27-29). If ‘“‘dry- 
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cups” or “‘annealing-cups” (porous clay) are used for collecting and dry- 
ing the gold, there is little danger of loss when the moisture evaporates. 
With glazed porcelain crucibles a little spitting will occur, unless special 
care is taken in heating the crucible. Silver and gold assays should be 
weighed directly — never by difference; nor should a weight much ex- 
ceeding one gram ever be allowed on the delicate assay balance. 

For the accurate determination of gold, an assay ton of ore is as little as 
should be used; and on very low-grade ores, several portions of 1 A. T. 
each should be taken, the buttons scorified and cupelled on one cupel. 





PREPARATION AND ACTION OF ALIZARINE ASSISTANT. 
BY CHARLES B. KENDALL, S.B. 


HE literature concerning alizarine assistant and the receipts given 
ii for its preparation are of a very confusing and contradictory 

nature. In view of this fact the following investigation was 

made, to determine the best proportion of acid to use, and, as far 
as possible, the effect given by the differently soluble portions of the 
oil so produced. 

The action of sulphuric acid on castor oil gives water soluble and 
insoluble bodies, mixed with more or less neutral fat. The composition 
of these bodies has been examined into by Liechti and Suida.! To 
which of them the effect of the assistant in alizarine dyeing is due, or, 
if it be due to a mixture, in what proportions they should be combined, 
has not been so thoroughly investigated. Lubianeff? made an investi- 
gation somewhat in this line, but he did not compare the assistants 
prepared by different receipts, and judging by his article, he used but 
one proportion of acid in the preparation of the assistant. He divided 
his assistant into water soluble and insoluble bodies, and investigated 
the colors produced by each, and by mixtures. He found that the 
soluble portion gives purity and fire, and the insoluble portion depth 
and evenness to the color. As to the presence of neutral fat, he con- 
cludes that it may be present, and may influence the lake, but above a 
certain per cent it is injurious. His conclusions in this regard do not 
agree with those of Miiller-Jacobs.® 

A series of four experiments was undertaken to gain further informa- 
tion regarding the action of the assistant. The castor oil used was 
the quality designated as number three, and was of good color. A 


1 Berichte der chem. Gesell. 1883, 2,453. 
* Dingler, 262, 36. 3 Dingler, 251, 547. 
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small amount of this oil was placed in a stone crock, and treated with 
one fourth of its weight of strong sulphuric acid. The crock was 
placed in cold water, and precautions taken to insure a low tempera- 
ture. The acid was added at intervals, and well stirred in. Finally 
the mixture was allowed to stand over night. It was then washed once 
with water, and divided into two portions. One of these was washed 
farther with salt and water, and then finished. It was neutralized with 
ammonia until a drop gave an emulsion with water easily cleared by a 
small amount of ammonia. The second portion was treated with four 
times its volume of water, and after the liquids had separated into 
layers, the water was siphoned off. In this case no water soluble 
bodies could be obtained, although the treatment with water was 
repeated. This oil gave, even in alkaline solutions, a permanent emul- 
sion. It gave a poor, dull red. Analyses were made as follows :— 





Tota Fat. NEUTRAL Fart. Sucruur. 





13.29 % 83.89 * 
14.08 83.89 
12.96 











In the next experiment the oil was treated with one half its weight of 
acid in exactly the same manner as described in the preceding experi- 
ment. Twenty-six hours were consumed in introducing the acid. On 
separating this oil a solution of the water soluble portion was obtained 
This was easily thrown out of the solution by the addition of salt. By 
this treatment an oil was obtained much lighter in color than the in- 
soluble one. Before separation a small portion of the oil was finished 
as in practice. This gave a clear oil of a very good amber color. It 
contained : — 
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This gave the best red obtained. It was good in every respect. The 
finished assistant from the soluble portion on analysis gave the following 
results : — 


Tota Fat. | NEUTRAL Fart. SULPHUR. 


35-49 * 
37-35 


This oil gave a very poor red, lacking fullness. 

The insoluble portion, when finished, gave a clear, translucent oil, 
darker in appearance than the commercial article. It was extremely 
difficult to use this, as it showed a marked tendency to form a curdy 
precipitate on addition of water. Analyses gave the following results : — 


| | 
Water. | Tora Fart. NeguTRAL Fart. | SuLPuHurR. 


8.02 4 87.76 # | | 0.81 ¢ 


8.63 88.59 1.78 


| 
| 
| 
| 





This gave a dull red, rather inclined to spot. 

In the next experiment oil was treated with its own weight of sul- 
phuric acid. Forty-four hours were consumed in introducing the acid. 
After all was in it was allowed to stand for twelve hours. A portion 


of this oil finished as in practice was analyzed, with the following 
results : — 





SuLPHUR. 





It gave a dull, uneven red. Considerable difficulty was found in 
separating this oil into water soluble and insoluble portions, but a sep- 
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aration was finally obtained with the differences in the color of the oils 
before noted. Analyses of the soluble portion gave the following 
results : — 


Tora Fat. NeguTRAL Fart. SuLpHuR. 





0.40 % | 3-55 % 
| 


31.84 57> | 0.37 | 3-44 





It gave a dull red. The water insoluble portion was finished, and 
gave a very dark oil with the following composition : — 





| 


WATER. Tota Fart. NEuUTRAL Fat. SuLpHur. 





9:39 % 
9-86 








This gave a scant red, inclined to spot. 

As a last experiment castor oil was treated with ¢wice its weight of 
acid. A long time was consumed in introducing the acid. On addition 
of water, the temperature rose to sixty degrees centigrade, with a copi- 
ous evolution of sulphurous anhydride. A fresh lot was started, and 
snow used asadiluent. Although the temperature sank considerably 
below zero degrees centigrade still sulphurous acid gas was evolved. 
The product was a tough, viscid mass, light brown in color, and insolu- 
ble in water. It was therefore unfit for dyeing purposes. A portion 
was finished, and analyzed with these results : — 





| 
| 

Tora Fart. NEUTRAL Fart. SULPHUR. 
| 


——— 





0.48 


9-43 * 88.14 % | 41 9 0.41 # 
9-43 88.90 | 








It will thus be seen that the effect produced by the differently soluble 
portions is varied by the proportion of the acid used. The best red 
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was produced by that oil which was treated with one half its weight of 
sulphuric acid. Accordingly the soluble and insoluble portions of this 
oil were mixed in different proportions, to see which was the most val- 
uable. It was found that when mixed in equal parts, the red produced 
was quite good. Thus it seems that these bodies should be present 
in these proportions. All other combinations chosen gave poor 
reds. 

As a final experiment a soluble oil was prepared. Seventeen parts 
of castor oil were boiled with fourteen parts, by weight, of caustic soda 
solution of forty degrees Twaddell. When completely saponified, 
enough hydrochloric acid was added to precipitate the fat acids. 
These were then neutralized with ammonia until an emulsion of 
them was readily cleared by a few drops of ammonia. This gave a 
good clear oil, darker in color, and possessing a different odor from 
the ordinary assistant. Analyses were made with the following re- 
sults : — 


Tora Fart. 


84.78 4% 
86.22 


It contained no neutral fat. Reds dyed with this were good. In 
comparison with the red which has been designated as the best, it seems 
to lack lustre or ‘‘ bloom,” and to be considerably more blue. 

One of the prominent theories in regard to the action of alizarine 
assistant, is the so called physical theory of Miiller-Jacobs' and S. 
Jennys*. They maintain that the essential part of the oil is the unchanged 
fat, while the other portions are merely the vehicle for the neutral fat. 
This theory does not seem to be substantiated ; for while an oil contain- 
ing thirty-three per cent of neutral fat gave a very poor red, one 
containing less than two per cent gave good results. A soluble oil also 
gives good reds, which are in no way improved by the admixture of 
castor oil. The effect was rather to the contrary. Thus it would seem 
that the action of the acid produces bodies which enter into the lake, 
and impart superior qualities to it. 


1Dinglers, 251, pp. 499 and 547. 
2 Bull. Soc. Miilhouse. 1868, 747. 
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RECEIPT FOR THE PREPARATION OF ALIZARINE ASSISTANT. 


For a receipt the following is recommended: Place the oil in stone 
crocks surrounded by running water. Treat the oil with one half its 
weight of sulphuric acid of sixty-six degrees Beaumé. Add the acid in 
small portions, and stir well on each addition. About ten hours should 
be consumed in introducing the acid. Allow to stand twelve hours, and 
wash four times with salt and water. Neutralize carefully with soda or 
ammonia. It is best to use small quantities of castor oil for treatment. 
This should give a good clear oil, and produce good reds. 





PREPARATION. a OF OIL.| Water. DESCRIPTION OF RED. 


Sulphur. 





| 
ne 


A. Castor Oil, with one} Most opaque of all, | 13.29% 
quarterits weight Sul-| amber color, and no | 14.08 
phuriec Acid. cloudiness. 12.96 


o 
ee 
— 
mR 


A dull red. 


B. One half its weight) A good, clear oil,am- | 37.45 2.05 Good reds. 
Sulphuric Acid. ber colored. 39.02 2 
Commercial product. 


C. One half its weight) A clear oil, lighter 52.28 .20 3.68 A scant red; lacks 
Sulphuric Acid. colored than B or D. 52.6! 2 3.7 lustre. 
Portion soluble in 
water. 


D. One half its weight A clear oil. 05 7.7 2. 8 Poor reds, better than 
Sulphuric Acid. 3 88.59 Cc. 
Portion insoluble in| 
water. 








E. Equal weight Sul-| A clear oil, redder 2. 12 A full red, lacking 
phuric Acid. than B. 2.66 +24 tone. 
Commercial product.| 


| 
F. Equal weight Sul-| A cloudy oil, lighter 56 R 3.5% Not so full as E but 
phuric Acid. | colored than E. J 0.37 3. more fiery. 
Portion soluble in} 
water. | 














G. Equal weight Sul-| Similar to E. 9.36 6 é; F A dull red, quite 
tay Acid. .86 B; olf spotted. 
ortion insoluble in 
water. 


H. Twice its weight) Viscous and opaque, 
Sulphuric Acid. light brown color, 
* Burned ” Oil. peculiar odor. 


K. Soluble Oil. Dark colored as C, ; A fair red, blue, and 
Castor Oil Soap. characteristic smell. 23 lacking ‘“‘ bloom. 
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Ruling Gradient. 


RULING GRADIENT. 
BY ELIOT HOLBROOK, S.B. 


OW well I remember while yet struggling to master the contents of 
certain red-covered text-books, that what then seemed a grand idea 
slowly settled itself into the seat of my understanding. I saw how, 
with one grand effort, the profile of a road was fixed; I saw how, 

when we had ascertained what grade was practicable over some range of 
hills, or perhaps across some deep valley, we had fixed the grades for per- 
haps one hundred miles on either side. For having determined the ruling 
gradient, we should use it wherever it was less expensive than another. 

A few years later I was called upon to see what could be done to meet 
the constant demand for cheaper transportation ; and transportation in all 
its details must be studied. I saw that the operating department was 
taking advantage of certain peculiarities of the profile, and doing what the 
locating engineer never dreamed of. From observations while riding on 
freight trains and while at the dispatcher’s desk, I saw the trouble caused 
by a badly broken profile ; and, finally, I saw that my idea of a ruling gra- 
dient was a delusion. 

I saw that in building a road the problem to be solved was how, with a 
given amount to expend, to make a road which could be operated for less 
expense than any other that could be built for that amount; and if the 
amount to be expended was not fixed, to determine how much should be’ 
expended to give thé best returns in operating profit. 

The problem is complex. If lines are already built with which you 
must compete, they must be studied, that you may know what they are 
capable of doing, at present or in future. 

It will be usually throwing away money to build a line more expensive 
to operate than your competitor, or even as expensive, for you will only 
get business at profitable rates when there is more business than your 
competitor can do. The relation of your line to water transportation 
should be carefully studied. The business of the cities, towns, and coun- 
try along and adjacent to your line must be studied. 

Business may be much heavier on some portions of a line than on 
others. This has great bearing on determining the profile. The busi- 
ness of a line may be accumulative in its heaviest direction ; that is, if it 
runs through a larger wheat, coal, lumber or ore region, it will pick up 
freight so that the amount arriving at one end may be several times as 
great as that leaving the other. On the other hand, the freight may be 
distributive in its heaviest direction, as the case of a road which brings 
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coal and raw material from one end of its line to a manufacturing district, 
especially if the products of manufacturing largely go back in the direc- 
tion from which the raw material comes, as in the case with most Eastern 
roads. 

Likewise the traffic of a road may be either accumulative or distributive 
in the direction of its lightest traffic. We may have on a line of road any 
possible combination of these cases over the whole line or a part of it, and 
these conditions may change with the season. 

If we consider only what has been said above, it will be seen that the 
relative importance of grades may depend largely upon their location and 
direction ; so much so, that on a road that has only a limited number of 
empty cars to be taken to one end of the road and picks up loads return- 
ing, a grade of one hundred feet to the mile at one end against the di- 
rection of empty cars, may not be as objectionable as a grade of ten feet to 
the mile against the direction of loaded cars at the other end. 

Having made a careful estimate of the probable business of the pro- 
posed line in all its particulars for the present and future (when doing 
this do not base your estimates in any way on the rates that the lines 
which are to be your competitors now get, but rather see what your com- 
petitors are capable of doing), you are prepared now to take up the study 
of physical features of the country through which the line is to go. 

In studying the expenses of conducting transportation of a road, we will 
find for a given number of cars transported in each direction, that some of 
the items of expenses are independent of the number of trains employed to 
transport this number of cars, while many items are very nearly propor- 
tionate to the number of trains, and a very few are increased by diminish- 
ing the number of trains. 

Further, the experiences of numerous single track roads has shown that 
it is rather the number of trains that limits the capacity of the road, than 
the number of cars. To illustrate: a road over which trains of 60 cars can 
be drawn, can handle 600 cars per day with nearly as great ease as 200 can 
be handled on a road that can only pull 20, provided the sidings are ‘pro- 
portionately long; at the same time, scarcely more than one third as many 
engines are required. 

Our problem now is to see, with the means at our disposal, how to get 
a line over which we can get our traffic with the least possible expense ; 
and as we have seen, this means, in general terms, with the least train 
mileage, or in other words, with the greatest average number of cars to the 
train, Every attempt should be made to locate the line so as to get the 
heavy grades where the tonnage is small. It will be found that it will 
often pay to spend large sums to avoid a short piece of heavy grade when 
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there are long pieces of level track on either side. You will find if you can 
get twenty or more miles of low grade in a place, you can double your 
engines on the hills. 

If your line obliges you to go from a certain point in a valley to a gap in 
arange, it will not usually be policy to lengthen the line to keep down 
the grade unless it is an extreme case, and the amount of curvature is not 
increased too much. 

The least mechanical energy is expended by moving from the base to 
the summit in a straight line. For every 360 degrees of curvature, you 
have added work equivalent to raising the same eighteen feet ; you also 
rapidly increase the cost of maintenance. 

What may be called a double ruling gradient, can often be worked ad- 
vantageously ; that is, a low grade used in as long pieces as possible, and 
then a grade where one half as many cars can be pulled. This may be 
found in this way. Example: We find we can build from 20 to 40 miles 
with no grade greater than 40 feet to the mile, but must finally climb a 
range with a much steeper grade; what grade can I pull half as many 
cars as on the 40’ grade? 

The resistance caused by friction equals the resistance of gravity on a 
16’ grade. Therefore, total resistance of 40’ grade equals resistance of 
gravity on 56’ grade. 

We will estimate weight of engine and caboose at 10 per cent of the 
train; therefore, with half the cars of the train we will have 10 per cent 
plus 45 per cent, or 55 per cent of the former weight. Therefore, the 


, : ; 100 
resistance may be increased in the ratio of 55 to 100, or 35 of 56, equal 


102. Deducting 16 for the resistance of friction of train, we have 88’ 
as the double of 40’. The example may be reversed; that is, from the 
grade that it is necessary to use on the hill, you may want to use one in 
the level district where you can double the trains used on the hills. 

In all questions of grade, the number of engines required in each case 
should be considered. If grades can be altered to save the service of one 
engine, you have $8,000 to expend in grading without increasing to 
total cost of your road and equipment, while you save the perpetual at- 
tendent expense of the engine, and probably save in maintenance of way 
expenses also. 

There are many roads in operation which have gone on buying engines, 
when the money spent for these engines expended in reducing some of 
the grades, would save the expense of operating and repairing those en- 
gines, and still larger expense as the business increased. 
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The introduction of couplings without free slack and with power brakes, 
will remove the objection that has been raised to larger trains in the past. 
The tendency at present is decidedly for 
larger trains, and is opposed only by those 
who have never tried it. 
ig With an example of the application of 
ruling gradients as it has been used in the 
past, I will close. 

The lower diagram is a representation of 
the profile of sixty miles of existing road, 
and the upper one is the same, slightly 
™ changed to facilitate traffic. The direction 
of lightest traffic is from 60 toward 0. A 
fair estimate will be that one half the cars 
are empty between 60 and 40, and that two 
thirds of the cars are empty between 4o ando. 

With the heaviest class of engines gen- 
erally in use, twenty-five loaded cars can be 
drawn from 0 to 60, and fifty empties can be 
drawn in the other direction. 

At present the traffic is worked in this 
way: An engine takes a train from 0 to 7, 
-O and returns and takes another train and 
takes both trains from 7 to 16, when it takes 
the original train again. One or two trains 
per day are set off at 30, and are taken 
away three or four cars at a time by other 
trains, as they can draw three or four cars 
ka more through the gaps at 40 and 50, than 
they can draw from 16 to 28. 

With the profile as changed, the opera- 
tion would be as follows: the double of the 
train drawn from o to 7, would be taken to 
19 instead of 16, and would also be taken 
FL from 26 to 60. This would require some 
trains to double, returning between 60 and 
56, and between 34 and 30. Now let us 
suppose that the heaviest traffic is three 
hundred cars per day in each direction, and 
that the engines make one hundred miles 
per day, let us see what some of the princi- 
pal items in saving amount to, as at present: 
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12 trains each way are required between o and 7 equals 168 miles. 

6 6c 7 “ce 16 6“ 108 

12 ' 6 “ss “ 3 

10 " > “ga “ce 
Total, 








Profile changed. 


12 trains each way would be required between 0 and 7 equals 168 miles. 
6 ’ 7S: Ae 

12 157 * «= 168 

'6 ee 26 ** 60 408 

Add for 3 trains doubling, 60 “ 56 12 


“ce 2 ee 34 “cc 30 8 





Saving in train mileage 304 miles. Total, 908 





The slight changes in the profile only reduces the mechanical energy 
required to move a given weight from 0 to 60, three per cent, and the 
less number of engines required to be moved takes two per cent from 
the total work of moving the traffic ; so we cannot say that we save much 


in fuel or repairs of engines, as the fewer engines are worked harder on the 
light grade, but we will save the expenses of three crews, or about $50 
per day, besides some saving in maintenance of way and telegraph service. 
At the same time, the capacity of the road is increased. 

Had the road originally been built on the changed profile, the increased 
cost would have all been confined to about four miles of grading, and 
would have been less than $100,000. 

To the saving of $50 per day, add the interest on the cost of three 
engines and the deterioration in value of the same, and we will find that 
saving in wages and motive power alone will reach twenty-five per cent 
on the investment. 

In the case of this piece of road, a short piece of the ruling gradient, less 
than a mile long, was used at miles 17, 18, 28, and 40, and one less than 
two miles long at 50, with what-result we have seen. This is only one 
case of hundreds where roads are handicapped by engineers who have 
made no study of transportation matters. 

When changing the short steep grades, it may often be done in a man- 
ner which will meet the wants of the case, and yet cost much less, to 
change the whole piece. For example: the total height of the point at 
38 above the level on either side is forty-two feet, and in our case the 
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engine is able to pull steadily twenty-five loads up this grade, and we want 
to pass them with fifty. This point being three miles from a station, the 
train can approach it at full speed when going toward 60. Now, since the 
engine can pull half the train up this grade, we may roughly say that the 
momentum can be expended on the other half, which would lift it from 
twenty to thirty feet ;.so that for half the distance we may let the grade 
remain, and change the upper part only to a grade over which a train can 


; : o+16, 
pull twice what it can on a seventy foot grade, or, 7 = —16 equals 27. 


If we go into the details of the calculation, it will be found that if the 
summit is lowered eight feet, the momentum acquired in moving from 26 
will enable the engines to take the trains over without trouble. 





NOTES ON THE ENGINEERING LABORATORIES OF THE 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY. 


BY GAETANO LANZA, S.B., C.E. 


Taken from Minutes of Proceedings of the Institution of Civil Engineers, London. 
Vol. XCI. Session 1887-88. Part I. 


NHE Mechanical Engineering Laboratory at the Massachusetts 

| Institute of Technology was established during the school year 

1873-74, and received a considerable extension in October, 1883; 

the Mechanical Laboratories or workshops were established in 

October, 1876; and the Laboratory of Applied Mechanics was added in 
October, 1881. 

Of these, the first mentioned was organized by Prof. Channing 
Whitaker. The apparatus consisted of a complete outfit for making 
accurate boiler and engine tests, with both saturated and superheated 
steam. There were (a) two horizontal tubular boilers, each 4 feet in 
diameter and 12 feet long, containing fifty 3-inch tubes; (4) one small 
vertical tubular boiler, 3 feet in diameter and 7 feet high, containing 
fifty 2-inch tubes ; (c) a cast-iron superheater ; (d) an 8-inch by 24-inch 
Harris-Corliss engine with a brake on the fly-wheel; (¢) a combined 
surface condenser and calorimeter, with the necessary tanks and scales ; 
(f) also a variety of accessory apparatus, as indicators, gauges, etc. 
From this laboratory there emanated an investigation into some special 
problems on cylinder condensation, made for Mr. George B. Dixwell. 
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This laboratory was further improved a year or two later by the addi- 
tion of a mercury column, and considerable work was done in testing 
indicators, gauges, etc. It remained in substantially the same condi- 
tion, being used for the instruction of the students until the summer of 
1883, when the author was called upon to take charge of the depart- 
ment, and he at once proceeded to extend the scope of the laboratory. 

The mechanical laboratories or workshops were established by Prof. 
Jj. D. Runkle, at that time President of the Institute. He conceived 
the idea by observing the work of the Imperial Technical School at 
Moscow, as exhibited at the Philadelphia Centennial Exhibition. 

The Laboratory of Applied Mechanics was started with a Fairbanks 
testing machine of 50,000 lbs. capacity, which, besides being used for 
making tensile tests of iron, wire rope,.etc., was also transformed in 
such a way as to enable full-sized beams to be tested for transverse 
strength and deflection, the allowable spans being any up to twenty-five 
feet. While this laboratory has since been much enlarged, both in space 
and in equipment, the work upon the transverse strength and deflection 
of full-sized timber beams, both under concentrated and distributed loads, 
and on the strength of framing joints, has all along been a feature of 
the work of the laboratory; and the fact has been ascertained that the 
actual breaking strength of such timber beams is only about one third or 
one half as great as would be determined by calculations based upon the 
constants given by such authorities as Rankine and Laslett in England, 
or Trautwine, Rodman, and Hatfield in America. The reason is, that the 
constants which they give are based upon tests made upon small pieces, 
and henceare not applicable to cases which occur in actual construction. 
The resulting constants for full-sized beams, as determined in this lab- 
oratory, have been published in both countries, and are now generally 
accepted as correct wherever they are known. 

The other machinery in this laboratory consists of,— 

(z) An Olsen testing machine of 50,000 lbs. capacity, for tension and 
compression. 

(6) Apparatus for making tests on the transverse strength and 
deflections of full-sized beams. 

(c) A machine for testing the tensile strength of mortar and cements. 

(d) A Prony brake, and other machinery for making tests on the 
strength, twist, and deflection of shafts subjected to a combination of 
twisting and bending. 

(¢) A machine for testing the strength of ropes. 


(f) The necessary accessory apparatus for measuring stretch, twist, 
deflection, etc. 
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The primary object of this laboratory is, of course, the instruction of 
the students; and it is believed that, besides the work in the recitation- 
room upon the strength of materials, they should be taught to do the 
testing themselves, to obtain accurate results, and to observe the be- 
havior of the materials when under stress. 

While a considerable amount of investigation has been carried on in 
this laboratory, the experiments upon the transverse strength of timber, 
and on the strength of shafting under a combination of twisting and 
bending forces, are probably the most original, though some work has 
been done upon the modulus of rupture of cast-iron in the form of win- 
dow lintels, upon the behavior of steel under stress at different temper- 
atures, and upon the effects of different methods of holding wire rope, 
CkC. : 

This laboratory work, as well as the recitation-room work in applied 
mechanics, is required not only of the students of mechanical engineer- 
ing, but also of those of civil engineering, of mining engineering, of 
architecture, of electrical engineering, and of physics. Since October, 
1883, a much greater amount of space, and a much more extensive 
equipment, has been allotted to the Laboratory of Mechanical En- 
gineering, making it really a laboratory of mechanical engineering, and 
not merely a steam laboratory. It now contains : — 

(a) An 80-HP. Porter-Allen engine, by which power is also furnished 
to the new building and to the mining department. 

(6) A 16-HP. Harris-Corliss engine, used almost exclusively for ex- 
perimental purposes. This is furnished with two governors, one an auto- 
matic cut-off, and one a throttle governor, so arranged that either can 
be used. The automatic cut-off governor is so constructed that the 
speed of the engine can be varied at will. 

The exhaust of each engine is connected with a surface condenser, 
and thence with a tank on scales; thus the water passing through the 
engines can be weighed. 

(c) Three surface condensers, one of which is arranged in sections, 
so that the condensing water can be made to traverse the length of the 
condenser once, twice, or three times, at the option of the experimenter. 

(d) Machinery for determining the tension required in a belt, to 
enable it to carry a given power at a given speed, with no more than a 
given amount of slip, whether the belt is horizontal or vertical, also so 
arranged as to make tests of rope transmission. 

(e) Two friction-brakes, so constructed that a given amount of work 
can be put on either engine at will, and can be accurately measured; 
also two portable friction-brakes. 
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(f) Steam and vacuum pumps as follows: of the former, one Wor- 
thington, three Blake, one Deane, and one Knowles; of the latter, one 
Blake and one Deane air-pump, the Blake air-pump being connected 
with the condenser of the Porter-Allen engine. 

(g) Three calorimeters. 

(4) A transmission dynamometer. 

(7) A 6-inch Swain turbine wheel, so arranged as to be under a head 
of 15 feet; experiments being made on the power developed, the effi- 
ciency, etc., under different gates ; the power exerted being used up by 
a small brake on the shaft, and the water used being ascertained by pass- 
ing it over a weir, and measuring the head by means of a hook-gauge. 

(zk) Apparatus for testing injectors. 

(7) A Mack injector. 

(m) A Hancock inspirator. 

(x) A mercurial pressure column. 

(0) A mercurial vacuum column. 

(~) Apparatus for testing indicators under steam-pressure. 

(7) Apparatus for determining the quantity of steam issuing from a 
given orifice under a given difference of pressure. 

(v) Cotton machinery as follows: a Whitin card, an English drawing- 
frame, a Lowell speeder, a Lowell fly-frame, a Lowell ring- 
frame, a Mason mule, and a yarn-tester. 

(s) Apparatus for calibrating weirs. 

(¢) Apparatus for testing dynamometers. 

(~) An 8-HP. steam-engine used for setting valves, etc. 

(v) Four horizontal tubular boilers, and all the apparatus necessary 
for making evaporative tests. 

(w) A good supply of indicators, gauges, thermometers, anemometers, 
scales, and other accessory apparatus. 

(x) Also a Brown 40-HP. engine, a horizontal tubular boiler, a Deane 
pump, and a number of looms at the shops. 

The work in this laboratory is required of the mechanical and also of 

the electrical engineering students. 

Of the teachers, those who have duties in these laboratories are the 
professor in charge, two assistant professors, three instructors, and 
three assistants. 

As to the organization of such laboratories, the author believes that 
there are three objects to be accomplished by them; namely, (1) to give 
the students practice in such experimental work as a mechanical engi- 
neer is constantly liable to be called upon to perform in the practice of 
his profession, as evaporative tests of steam-boilers, steam-engine tests, 
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calorimetric tests, valve-setting, etc., teaching him to carry on his work 
with accuracy, and to take all proper precautions to avoid error; (2) to 
give the student an opportunity to carry on original investigation ; (3) 
another important function of such laboratories, which is entirely con- 
sistent with the other two, is that of taking up and carrying out syste- 
matic investigations of engineering problems; and this can be done in 
a laboratory, whereas it is only with very great difficulty that it can be 
done in a machine-shop or a manufacturing establishment. By publish- 
ing these results from time to time, the laboratory will serve to add 
gradually to the common stock of knowledge. 

The author recognizes very fully the incapacity of the student, as a 
rule, to originate and carry out research without aid from his teachers; 
but it is precisely because the necessary aid is given, and the necessary 
supervision exercised, that a considerable amount of research has been 
accomplished in these laboratories. This is accomplished in two ways: 
(1) The regular laboratory experiments are so turned by the instructor 
as to make them form an element in some investigations, and the stu- 
dents take the observations and work up the results, the necessary 
amount of checking being done, and the necessary supervision being 
exercised to insure correct results. 

2. Original researches are actually carried on by the students in 
their graduating theses. Some of them are, of course, more able to 
do this kind of work than others, but all are required to undertake 
original research, and only such supervision is exercised as is needed. 

The number of important investigations which it is possible to take 
up and carry out is so very large that only a few can be undertaken in 
any one laboratory ; hence it would be exceedingly desirable to estab- 
lish a constant correspondence between all the laboratories of this kind, 
similar to the correspondence that exists between astronomical observa- 
tories the world over. By thus reporting to each other their results, 
they would naturally come to so arrange their work as to play into each 
others’ hands, and thus help along the cause of investigation. 

As to tensile testing machines, probably any inaccuracies in the ma- 
chines made by good makers are very much less than the unavoidable 
differences in quality of the different specimens of the same material. 

Where a large number of levers are used, as far as this applies to 
machines built on the principle of the platform scale, where the plat- 
form is supported on more than one lever, there is the advantage that 
the number of knife-edges supporting the load is greater, the pressure 
on each one is less, and the chances of cutting and thus changing the 
leverages, or of dulling the knife-edges, and thus impairing the sensi- 
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tiveness of the machine, are less than when one single knife-edge has 
to support the entire load. 

The use of the platform-scale principle is becoming prevalent among 
American makers of testing machines. In the laboratory of the Mas- 
sachusetts Institute there is one of this kind, made by Tinius Olsen, of 
Philadelphia, and the author has no fault to find with it. 

The author is of opinion that any results on ultimate elongation, 
namely, on that part of the strain diagram that lies beyond the maximum 
load, unless very carefully interpreted, are liable to be misleading, as 
the ultimate elongation, and indeed the elongation in that part of the 
diagram which lies beyond the maximum load, will vary enormously, ac- 
cording to the relative position held by the point of maximum contrac- 
tion of area with reference to the points between which the stretch is 
measured ; and it is impossible to predict whether this point of maximum 
contraction of area will fall within the other points, entirely outside of 
them, or partly within and partly outside. 


Fig. 1. 
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The stretch below the elastic limit is a matter of great importance, 
and it should be measured with the greatest care and accuracy. Never- 
theless, if that part of the test-piece that has the smallest section is as 
much as 10 or 12 inches long, the section being 1 square inch or less, 
sufficient accuracy can be obtained for all ordinary purposes if the 
measuring instrument can be read to ;5) 5, inch. 

The measuring apparatus in use since 1881 consists of a Victor micro- 
meter calliper graduated to ;;/5) inch, which can easily be read to the 
johop inch by estimation. To the end of this calliper are attached ex- 
tension pieces of such lengths as may be needed in each case. The ap- 
paratus is shown by Fig. 1. As a rule shouldered specimens are not 
used ; but whenever they are, the points between which the measure- 
ments are taken are on that part of the specimen that has the smallest 
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section, and never on the shoulders. Having fixed these points, clamps 
are fastened on, which only touch the specimen at these points. The 
clamps for a square or flat specimen are shown in Fig.2. The distances 
apart of these clamps are measured, the average distance of two points 
being used with the flat, and of two or three points with the round 
specimen. 

For compression tests the important requisites are : (@) rigidity in the 
machine, (0) the possibility of so adjusting the bearing surfaces as to 
distribute the pressure uniformly over the specimen. This latter is ac- 
complished by means of a ball joint. 

Cement testing should be, of course, one feature of a laboratory of 
this kind, and should include compressive and transverse tests, in both 
of which the all important caution to be observed, in order to insure 
correct results, is to have the force uniformly distributed over the cross 
section of the specimen. 
































Next, in regard to transverse and torsional tests, the fact that trans- 
verse tests require proportionately less power than tensile or compres- 
sive tests renders it feasible to erect in a laboratory sufficiently large 
and powerful apparatus to make the transverse and shafting tests ona 
practical scale. This is of special importance in transverse tests of 
timber. 

With a testing machine of 50,000 lbs. capacity it is an easy matter 
to make such alterations as to enable full-sized timber or iron beams to 
be tested both for strength and deflection, and it has been a source of 
surprise to the author that this work should not (so far as he knows) 
have been undertaken in some other laboratory besides his own. Asan 
example of the results that are obtained may be taken the test of a 9- 
inch by 14-inch yellow pine beam, 24 feet span, which had been se- 
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lected by a builder as one of the best of his stock. It had an actual 
breaking strength at the centre of 21,000 lbs., whereas the figures 
usually given would have made out its breaking strength to be 42,000 
lbs., and some experimenters on small pieces would have called it 63,000 
lbs. Similar results have been obtained with other kinds of timber. 

Then, again, the strength of such framing joints as are used in build- 
ings is constantly overestimated by builders. A slight modification of 
the machine has rendered it possible to make tests of these full size, and 
under such conditions as occur in every-day practice. While very little 
work of this kind has been done with rolled iron Z beams, it ought to 
be done, and a machine of 50,000 lbs. capacity is all that is needed to 
break almost any of the Z beams that are rolled, if advantage be taken 
of a span of 25 feet. 

It is well known that the modulus of rupture of wrought-iron, as 
shown by tests of small pieces, is considerably in excess of the tensile 
strength ; whereas those tests that have been made with Z beams of 
practical sizes have shown the modulus of rupture to be at least as low 
as the tensile strength. But very little systematic work has been done 
on the subject. 

In measuring deflections, it is important that no part of the machine 
should be assumed to be fixed, but that the entire deflection apparatus 
should be attached to the beam under test itself. The method followed 
is to fix one micrometer screw on each side of the beam at the middle, 
and then to pass a fine piano wire over two steel pins, which are fixed 
in the beam at the middle of its depth, and directly over the supports ; 
fastening this wire at the two ends beyond the steel pins, and keeping a 
constant tension by means of a spring balance at one end. Evidently, 
then, the screw moves with the middle, and the wire with the ends of 
beams, and the differences of readings of the screw, when it is just 
brought to touch the wire under two different loads on the beam, gives 
the deflection due to the difference of the loads, an average of the 
measurements on the two sides being taken to make up for warping, the 
position of the screw when it touches the wire being determined by 
means of a battery and a galvanometer placed in the circuit. 

The question of the effect of time on the deflection of timber sub- 
jected to moderate transverse loads is another important subject of in- 
vestigation, in regard to which what little has been done has shown that 
the modulus of elasticity to be used in computing deflections of timber 
beams should be considerably reduced from those usually given, if the 
beam is to be designed so that its deflection shall not exceed a certain 
given amount when time is taken into account. 
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The modulus of rupture of cast-iron is an old and vexed question; 
and although no longer used in building, cast-iron is still employed in a 
great many places where its transverse strength comes into play, as in 
window-lintels, in pulleys, gears, and gear-teeth; and its strength, 
when devoted to these uses, should be investigated. Thus far only the 
case of window-lintels has been taken up. 

In regard to shafting, the author considers that, for a pure torsion 
machine, the ideal form is that which Wohler used for this purpose, the 
force causing the twisting being divided into two equal parts by a sys- 
tem of leverages, the two halves acting in opposite directions on 
opposite sides of the shaft, the twisting moment being thus actually 
applied in the form of a statical couple, and preventing any bending, of 
which no account is taken in the calculations. On the other hand, a 
study of pure torsion is a very small part of the shafting problem. By 
far the greater number of shafts in use are subjected to a combination 
of twisting and bending, the former being due to the work transmitted, 
and the latter to the pulls of the belts, the pressure on the crank-pin, 
etc. Under certain circumstances the bending may have the greatest 
influence, while the twisting may be predominant in others, or their 
influence may be equally divided. 

With a view to determine the behavior of shafting under such a 
combination of conditions by actual experiment, suitable machinery had 
been put up in his laboratory. The principal points in the method of 
procedure were the following, viz.: — 

1. The shaft under test is in motion, and transmitting an amount of 
power which is absorbed and accurately weighed by a Prony brake. 

2. A transverse load is applied, which may be varied at the option of 
the experimenter, and which is weighed on a platform scale. 

3. It is intended to adjust the proportion between the torsional and 
transverse loads, to correspond with the proportion between the power 
transmitted and the belt pulls sustained by a shaft in actual use. 

4. Tests are made, not only of breaking strength, but also the angle 
of twist and the deflection, under moderate loads, are measured. 

In testing a shaft, the power is obtained from another shaft, and is 
transmitted to this test-shaft through a double Hooke’s joint, and thence 
to a ’rony brake through a double Hooke’s joint on the opposite side. 
The power transmitted, and hence the twisting moment, is determined 
by means of weights at the end of the brake-lever, and the readings of 
a revolution counter. The boxes in which the experimental shaft runs 
rest upona casting, which, in its turn, rests upon the platform scale, and 
is separate and distinct from the rigid frame, which latter is firmly 
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fastened to the floor of the laboratory. It follows that any weight rest- 
ing upon the shaft under test, or the pulley which is on this shaft, is 
weighed directly on the scale; the flexibility furnished by the double 
Hooke’s joints renders it possible to determine the weight on the shaft. 
The transverse load is applied by screws pressing down the boxes of an 
upper shaft, and causing a second pulley to press against the pulley 
above mentioned, and thus load the shaft transversely. In making an 
experiment upon breaking strength, the transverse and the torsional 
loads are adjusted at the option of the experimenter, and then the shaft 
is run until fracture occurs. If the loads applied are too small to cause 
fracture they are increased, and the shaft is run until fracture occurs. 

It has been shown by these tests that in order to deduce any conclu- 
sions of value, the time occupied in breaking must be taken into 
account; thus the load required to break a shaft is much smaller if a 
week or ten days is allowed for it to run before breaking, than if it is to 
be broken in a short time, as one hour. 

A description will now be given of the apparatus for measuring twist 
under moderate loads.! Two disks, made of brass, are placed on the 
shaft near its opposite ends respectively, each disk being in two pieces, 
so that they may be easily put on or removed from the shaft. At the 
centre of each disk is a boss, a little more than 1} inch in internal 
diameter, and carrying eight set screws (of which only one is pointed) 
for centering the disk and fitting it to any shaft of 1} inch diameter or 
less. The outside of the boss is turned down to form a bearing ; on one 
disk for two wrought-iron arms, and on the other for one arm. One of 
the arms on the first disk carries a brass brush, pointed with 
platinum, which presses against the circumference of the disk as 
it revolves, and so also the arm on the second disk carries another 
brush, fixed in the same manner. The second arm on the first disk 
carries a tangent screw, which presses against the arm with the brush. 
The arms are kept from revolving by suitable stops fixed in the frame, 
while the disks revolve under the brushes. The two brushes are insu- 
lated from the arms, but connected to each other by a wire, a battery 
amd a telephone being placed in the circuit. The circumference of one 
of the disks and a portion of that of the other are of India rubber, 
except that at one point in each circumference a thin piece of platinum 
is let into the India rubber connected with the metallic portion of the 
disk, the circuit being completed through these pieces of platinum, the 
disks, and the shaft, so that if in the revolution the two brushes strike 


1\Engineering. Vol. XLIII. p. 26. Jan. 14, 1887. 
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their respective pieces of platinum at the same instant, there is a cur- 
rent, and consequently a ticking in the telephone; whereas, if they do 
not strike it at the same instant, there is no current, and hence no 
sound in the telephone. The manner of using the apparatus is as 
follows: Start up the shaft with a very small load on the brake, screw 
the tangent screw until a ticking occurs in the telephone, and measure 
(with a micrometer calliper) the distance apart of two nietallic points, 
which are fixed in the arms for that purpose, at the same distance from 
the centre. Next put on the desired load on the brake, and again screw 
the tangent screw until ticking occurs in the telephone, and measure 
the distance apart of the same two points. The difference of the angles 
corresponding to these two chords, gives the angle of twist correspond- 
ing to the differences of the two loads on the brake. 

In the work thus far described, and indeed in all the work of both 
laboratories, the endeavor is made to perform all the tests under such 
conditions as occur in every-day practice. 


MECHANICAL ENGINEERING LABORATORY. 


As a matter of course, tests of steam-boilers and steam-engines are 
subjects of prime importance in such a laboratory. Professor Lanza is 
of opinion that for any one boiler and any one engine, there is a certain 
limit to the number of variations that can be introduced, and which can- 
not be exceeded without at the same time bringing in such proportions 
and conditions as would render the results obtained inapplicable to 
practice, and thus render any series of investigations made by the use 
of these variations of but little value when considered from an engineer- 
ing point of view. 

Hence, in such a laboratory there should either be more than one 
engine, or else the range of variables should be so limited as to be con- 
sistent with the proper working of one engine. For instance, it seems 
hardly possible to obtain reliable results applicable to single engines 
by running a compound engine, either with high-pressure steam in one 
cylinder alone, the other being out of action, or with high-pressure 
steam in both cylinders ; hence, unless both a single and a compound 
engine can be afforded in a laboratory, tests on one kind only should be 
adopted. 


BOILER TESTS. 


In regard to tests of the evaporative power of steam-boilers, it is 
much more satisfactory to make the tests upon a reasonably large boiler 
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than upon a small one; and if a large boiler is used to its best advan- 
tage, it is absolutely necessary that the steam should be employed for 
some purpose other than running a small experimental engine in the 
laboratory, as this would require so small an amount of steam as to ren- 
der it very uncertain how much steam was actually evaporated, and also 
to cause the boiler to work very inefficiently. Hence it is better to 
make tests of a boiler from which steam is used in large quantity, either 
for heating large buildings, or for running an engine which has a con- 
siderable amount of work to do, or both. If this is not the case, the 
steam must be allowed to escape somewhere; and this is annoying to 
the neighbors, and is not a condition met with in practice. Next, in 
regard to the method of making the test, Professor Lanza refers to two 
matters that he considers of great importance, the first being that of 
drawing fires at the beginning and end of the tests. Professor Lanza 
always insists with his students that the only way to make the test 
(usually a ten-hour test) accurate, is by drawing the fires at the begin- 
ning and end, and he would feel that otherwise he would be encourag- 
ing careless work in a matter where the greatest caution is needed to 
avoid any wrong conclusions, and where so many people are ready to 
delude themselves and to deceive others in claiming extroardinary 
evaporative efficiencies. 

Another condition upon which he insists, and which many are in the 
habit of neglecting, is that, just before the beginning of the test, the 
boiler shall be running under its regular conditions, the pressure being 
approximately that which is to be carried throughout the test, and the 
brickwork all hot; otherwise, starting with a cold boiler and finishing 
with a hot one, an error is made equal to the amount of heat used to 
heat the brickwork, which may be considerable. 

As to the feed-water, if a pump is used it is a simple matter to weigh 
the water before it enters the pump, and to take its temperature by 
means of a thermometer in the feed-pipe, and just before it passes by 
the boiler check-valve. By observing this condition a heater may be 
used if desired, provided the heater does not leak, and that the temper- 
ature of the water is observed after it has left the heater. 

If, on the other hand, an injector is used for feeding, the steam used 
in the injector should be added to the feed-water, and this may be done 
with a good degree of approximation by taking the temperature of the 
suction and that of the delivery after it has passed the injector, and 
estimating from these the steam used per pound of water fed ; the temper- 
ature of the feed should, of course, be considered as that which it has 
just before entering the boiler. If an injector and a heater are both 
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used, the delivery from the injector passing through a heater before 
entering the boiler, it will be necessary to take three temperatures; 
namely, that of the suction, that of the delivery before entering the 
heater, and that which it has after leaving the heater. It need not be 
added that a boiler test, to be reliable, should be at least a ten-hour test. 


PRIMING AND SUPERHEATING. 


Another matter that requires attention is the amount of priming or 
superheating. If the boiler is a vertical one, or if its arrangement is 
such as to give rise to superheating, it will only be necessary to screw 
into the main steam-pipe, soon after it leaves the boiler, a thin metallic 
cup filled with either mercury or oil, and in this insert a thermometer, 
to register the temperature of the steam. If, on the other hand, there 
is priming, it becomes necessary to use some form of calorimeter; 
the author has never had any trouble in using a Barrus continuous calo- 
rimeter of the old form.!_ The newer form? also works well. In regard 
to the difficulties that many persons have with calorimeter work in get- 
ting superheating when they know there is none, Professor Lanza be- 
lieves that a great deal of trouble is due to working with a varying pres- 
sure; for, if the pressure varies by any considerable amount, a calori- 
meter becomes useless. The reason for this will be evident from the 
fact that if the pressure decreases, then steam of a lower temperature 
comes in contact with a hotter pipe, and evaporation takes place, and 
hence less priming is shown than really exists, while the reverse is the 
case with an increasing pressure. 


STEAM-ENGINE TESTS. 


There are three principal ways of conducting steam-engine tests, as 
far as the determination of the amount of water actually used by the 
engine is concerned. The first is that which was followed by Isherwood, 
and by a number of others, by which the water consumption is ascer- 
tained by isolating the boiler from all uses except supplying the engine, 
and weighing the water fed into the boiler. In order to obtain reliable 
results by this method, several conditions must be observed as follows:— 

(a) The engine must be of such size that a small error as to the 
height of the water-glass at the beginning and at the end shall not in- 
troduce a larger error into the results. 


1Proceedings of the American Society of Mech. Eng., Vol. VI. p. 296. 
27b., Vol. VII. p. 178. 
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(4) The test must be of sufficient length, at least two or three hours, 
and better longer, for the same reason as stated in (a). 

(c) If the steam from the boiler is used to supply the feed-pumps, 
the steam for this purpose must be carefully condensed and weighed, 
and its weight deducted from the water pumped into the boiler. 

(d2) If an injector is used, the steam must be determined as already 
explained and deducted. 

The second method consists in determining the water consumption by 
condensing the exhaust steam, and either weighing it in a tank, or letting 
it flow over a weir and measuring the discharge. If asurface-condenser 
is used to condense the exhaust steam, the condensed steam is kept 
entirely separate from the condensing water; and hence, except in the 
case of very large engines, it can be weighed in a tank. In this case it 
is, of course, necessary to make sure that the condenser does not leak ; 
but this can be readily determined by experiment. If a jet condenser 
is used, it will be necessary to determine the amount of condensing 
water before it meets the exhaust steam, and also the amount of the 
mixture, the difference being the amount of condensed steam. In this 
case the quantities to be determined are generally so large as to preclude 
the possibility of determining them by direct weighing, and to necessi- 
tate the use of a weir. Another method that might be used is the dis- 
charge through an orifice, the discharge of this orifice under different 
heads having been first determined by experiment. By this second 
method of making a steam-engine test, trustworthy results can be ob- 
tained from a test of one hour and a half or two hours, provided the 
power exerted is kept reasonably constant. 

The third method is that used by Hirn, Hallauer, and others, in which 
the water consumption is determined at both ends. This furnishes a 
check, and if temperatures are taken the heat units can bechecked. This 
method requires, of course, all the conditions of the first method, and 
also the precautions and measurements of the second. 

As to which of these three methods should be followed in the labora- 
tory: while it is a good plan (if the arrangements are such that it can 
be done on a scale that will give reliable results) to give the student 
some practice in either the first or the third method, nevertheless the 
second method, by dispensing with a consideration of the boiler, enables 
a much larger number of results’ to be obtained’in the same time; and 
hence it seems to the author to be the most suitable for the bulk of the 
laboratory work of this kind, both from the point of view of instructing 
the students, and also in order to advance the work of investigation. In 
these laboratories surface condensers are used. 
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GENERAL REMARKS ON STEAM-ENGINE TESTS. 

In regard to investigations by means of the steam-engine tests, the 
author is of opinion that the most prominent question of the day in this 
connection is upon the effect of the different conditions upon cylinder 
condensation ; and hence upon the economy of the engine, as there has 
been done upon the subject a very considerable amount of qualitative 
work, but very little quantitative. Now, to advance much in knowl- 
edge of the subject, it is necessary that systematic experiments should 
be made with a number of engines of different sizes and kinds; and the 
larger the number, and the greater the variety of the engines experi- 
mented upon, if the work is carefully and systematically done, the more 
will the knowledge of the subject be advanced. 
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TESTING INDICATORS AND GAUGES, 


All the indicators and gauges of the laboratory should be carefully 
tested from time to time, and tables or curves of error made out. For 
this reason it is very necessary that such a laboratory should contain a 
mercurial pressure column, a mercurial vacuum column, and apparatus 
for testing indicators under steam-pressure. To trust to the makers 
adjustments, or to the readings of so-called test gauges, is not conducive 
to accurate results. 
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FRICTION BRAKES. 


There are four friction brakes in these laboratories,—two fixed and two 
portable. In the two fixed ones a coil of pipe is cast in the rim of the 
wheel, through which the cooling water circulates in a continuous 
stream, thus securing a good circulation, and, consequently, economy of 
water. In one of the portable brakes the load is applied in a manner 
similar to that used by Wohler in his torsion machine already referred 
to, thus obtaining a real statical couple, and preventing any journal 
friction due to the weights in the scale-pan. 


TRANSMISSION OF POWER BY BELTING. 


Inasmuch as the machinery used for this purpose is novel and peculiar 
to this laboratory, it will be described with some degree of fullness. 
There are in this connection three different sets of apparatus, each 
accomplishing a different purpose. The object of the first is to deter- 
mine experimentally the co-efficient of friction from which to work up 
results by the ordinary friction theory of belting; but, inasmuch as it 
has been pointed out by Professor Holman, of the Physical Department 
of this Institute, that the co-efficient of friction varies with every differ- 
ent speed of slip, the apparatus is arranged so as to vary the speed of 
slip at will, and to determine the co-efficient of friction corresponding. 
The apparatus is shown in Fig. 3. By means of the belt A and pulley 
M, the worm-shaft B is set in motion, and in its turn drives the worm 
gear C, and hence the shaft D and the pulley E, which is fixed to the 
shaft. The belt to be tested hangs over the pulley E, one end being 
attached by the link F to the lever I, the upward pull on this lever 
being registered by the dial H ; at the other end of the belt is attached 
the scale-pan L, in which are put weights. The lever K is merely a 
counterweighting lever. During an experiment, the motion is imparted 
in such a way as to turn the pulley E ina right-handed direction, the 
speed of a point on its circumference being the speed of slip of the 
pulley under the belt, the right-hand side of the belt being the loose, 
and the left-hand side the tight side. The tension on the loose side T, 
is evidently the weight of the scale-pan L plus the weight in the scale- 
pan, while that on the tight side T, is read off on the dial H. 

In using this machine the speed of slip at which to run it is deter- 
mined by running different belts in the laboratory with revolution 
counters on the shafts, thus ascertaining the speeds of slip in average 
running, finding the power used by one of the friction brakes. The 
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second set of apparatus is shown in Fig. 4. The power is transmitted 
from the shaft A to the shaft C, and thence to the shaft E, by means of 
the two vertical belts; the shafts A and E being in one line, but not 
one and the same shaft. From the shaft E the power is transmitted by 
means of a belt to one of the friction brakes, where it is weighed, and 
by adding to the power shown by the brake, the power required to 
drive the shaft E itself (determined by a dynamometer), the power is 
determined which is transmitted through each of the vertical belts, and 
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by means of a revolution counter attached to the shaft C, its number of 
revolutions is obtained; and hence the speed of the vertical belts, and 
hence by division the value of T,—T,, for each one. The boxes in which 
the shaft C C runs are fixed to the planks F F, and these are attached by 
the hinges G G to the two fixed uprights, the rod N being smaller. than 
the hole in F through which it passes, and being merely used as a 
safety-stop. The planks F F are therefore free to turn up and down 
about the hinges G G, the levers M M being counterweighting levers. 
The desired tension is put upon the vertical belts after they are in 
position by means of the turnbuckles in the links H H, which are 
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attached to the levers K K, and thence to the scale-beams L L. 
Whenever the pulleys are of equal size, the weights on the scale-beams 
are the sums of the tension on the tight and loose sides, or T,+-T,; 
where the pulleys are not equal in size it is only necessary to divide the 
weight shown on the scale-beam by the cosine of one half the angle at 
which the belts are inclined to each other to obtain T,+T,. Besides 
the above, a revolution counter is attached to the shaft A, one to C, 
and another to E, whence the slip of each belt is readily obtained as 
well as its speed. Knowing the power transmitted, and the speed of 
the belt, T,—T, is easily found, and then from the scale-beam T,--T, ; 
hence T, and T,, can be determined and the width of the belt required. 
Hence the following questions can be answered : — 

1. In order to transmit a given power at a given speed of belt, what 
is the least value of T,-+-T, with which it can be transmitted without 
having the belt slip off? 

What is the speed of slip which is obtained under these conditions, 
and what are the values of T, and T,? 

2. Ifa given power is to be transmitted with a given speed, and the 
speed of slip is not to exceed a given quantity, what is the value of 
T,+T, required for this purpose? and what are the values of T, and 
aa? 

Having answered these questions, the question of width of belt is to 
be determined by so fixing it that it shall be able to bear the required 
value of T, without injury and without losing its tightness. 

With respect to the third set of apparatus, the author will merely say 
that it is of a similar nature to the second, only that it is arranged to 
have the belts under test in a horizontal instead of in a vertical position ; 
and that it is also so arranged as to enable a much larger amount of 
stretch to be taken up, the reason being that the first use to which it 
will be devoted is to test the transmission of power by manilla and cot- 
ton rope running in grooved pulleys. 


TEST OF STEAM INJECTORS. 


It might be well, perhaps, to mention the peculiarities in some 
apparatus which have been erected to test steam injectors. The suc- 
tion is drawn from a large calibrated tank, and the delivery, instead of 
being pumped into a boiler is pumped into another tank on scales, 
where it is weighed, the resistance being produced by throttling, by 
means of a valve in the delivery-pipe. All the pressures and tempera- 
tures usual in such tests are observed, and also, in the case of the 
double injector, the temperature in the intermediate chambe1. 
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THEORY OF STRUCTURES. 


The only work of this kind as yet undertaken at the Massachusetts 
Institute of Technology, is the strength of such framing-joints as are 
used in building, and these are tested full size. 

No reference has, of course, been made to any electrical apparatus, 
for the Electrical Engineering Laboratory belongs to another department, 
and is entirely distinct from any of the others. 





NOTE ON A FUNNEL FOR FILTERING CARBON. 
BY THOMAS M. DROWN, M.D. 


HE essential feature of the funnel, as shown full size in the accom- 
a panying sketch, is the cylindrical stem; the external diameter of 

which should be a trifle smaller than the internal diameter of the 

porcelain tube into which the carbon is ultimately transferred for 
combustion. This stem, in the funnels used in the analytical laboratory 
of the Institute, has a diameter 
of half an inch, the porcelain 
tubes being five-eighths of an 
inch diameter internally. 

To support the asbestos which 
retains the carbon, a flat coil of 
rather heavy platinum wire is 
used, one end of which extends 
from the centre of the coil toa 
little below the end of the stem, 
as shown in section in the draw- 
ing. 

The asbestos, which should be 
well broken up, but still fibrous, 
is, while suspended in water, 
poured on to the coil when the 
funnel is connected with the 
suction-pump. It is desirable 
to have the funnel at least one- 
fourth full of asbestos. If a 
suction-pump is not available, a 
loose mass of asbestos fibre may 
be used, which fills the funnel 
about one-half or two-thirds full. 
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When the carbon is all on the filter and completely washed, the par- 
ticles adhering to the sides of the funnel are removed by rubbing 
with a little moist asbestos held in forceps, and this asbestos is put on 
top of the carbon. 

The coil of wire is now taken out of the funnel by pulling on the ver- 
tical wire in the stem, and the funnel is set aside to dry. 

When ready for combustion, the stem of the funnel is inserted into 
one end of a porcelain tube, which contains near its other end a layer of 
copper oxide, retained in place by plugs of asbestos. The transference 
of the asbestos and carbon to the tube is very simply and completely 
effected by means of a glass rod. Any particles of carbon adhering to 
the glass are easily removed by gentle friction with asbestos. The mass 
of asbestos and carbon are thrust well into the middle of the tube, 
and the sides of the tube are freed from any particles of carbon by push- 
ing down several light plugs of asbestos. 

The advantages of this form of funnel are, first, that the cylindrical 
stem permits the asbestos to be immediately transferred to the tube 
without loss; and, second, that the wide upper portion of the funnel 
allows the liquid containing the carbon to be poured rapidly and freely. 

Platinum tubes and boats are often used for filtering off carbon, and 
the great advantage in their use consists in the fact that they can be 
directly inserted into the porcelain tube without removal of their con- 
tents. But this advantage is accompanied by the drawback that they 
present but little surface for filtering, and the liquid containing the car- 
bon must, consequently, be poured on to the asbestos very slowly, and 
with great caution. Where a large number of funnels are required, the 
expense of the platinum is also worth considering. 

A copper-wire coil may be used in cases where it would not be dis- 
solved. In filtering the acid solution of cupric chloride in the deter- 
mination of total carbon in iron, I have used a moderately heavy copper 
wire, which, although somewhat attacked, retains sufficient strength to 
support the asbestos to the end of the operation. 

A variation in the usual method of carbon determinations in iron and 
steel has been successfully tried with this funnel. The iron borings 
have been placed directly on the asbestos filter, and the solution of the 
cupric-ammonium chloride has been passed over it by means of a siphon, 
delivering about a drop a second. 

From 100 c.c. to 150 c.c. of a nearly saturated solution of the double 
chloride is sufficient to dissolve all the iron, so that the residue on the 
filter, which contains some metallic copper, may be washed with dilute 
hydrochloric acid. It is washed finally with water, dried, transferred to 





376 S. H. Woodbridge. [May 


the combustion tube, and burned in oxygen without regard to the pres- 
ence of any metallic copper which may be present. 

The direct decomposition of iron by the double chloride in a glass tube 
in which the combustion is subsequently made, would seem to be a still 
more perfect method of determination of carbon, since it involves no 
transfer at all. But the advantage in the use of a porcelain tube for the 
combustion is so great, on account of its being unaffected by the sudden 
application of heat, and by the highest temperature of the combustion 
furnace, that it is worth while to take a little more time to transfer the 
carbon — time which is fully compensated for in the greater ease and 
security in conducting the combustion. 


Massachusetts Institute of Technology, April, 1888. 





HEATING AND VENTILATION. 
[NMOTES.] 
BY S. H. WOODBRIDGE, A.M. 
PROFIT AND LOSS IN SCHOOLHOUSE VENTILATION. 


[oe modern sanitarian takes the murderous threat, ‘‘ Your money 


or your life,” out of the highwayman’s mouth, and makes it his 

philanthropic appeal to individuals and communities to provide for 

their lives. Under his persistent teaching they slowly turn their 
thought and their means to life’s betterment along some of the more 
clearly recognized and demonstrated lines of sanitation, leaving others 
untried and unconsidered, becausé undervalued, since the evil results of 
neglect are less immediate and startling, and not so surely traced. The 
city which spends millions in water-works for pure water supply and 
in sewerage for foul water removal, is still found tightening its purse- 
strings when a few thousands are asked to provide for pure-air supply 
to, and foul-air discharge from, its schoolrooms. And yet the purity of 
air, from the continuous breathing of which there is no escape, may be 
essential to health as the purity of water which one drinks in relatively 
small quantities and at long intervals. Classified according to the air 
allowance, as determined by the air space in houses to the individual 
occupants, the last year’s official report for the city of Dundee, Scotland, 
shows the effect on death rate and longevity as follows :— 

Proportionate air volumes, I 2 3 4 

Proportionate death rates; 21.4 18.8 17.2 

Average ages of those dying 

between fiveand twenty years, 7. 8.3 12.2 





1888. ] Heating and Ventilation. 377 


Such a method of argument, however enforced by evidence new or old, 
and however humane and cogent in its reasoning, passes for little with 
such as are insensible to appeals to any but lower motives. Toa money- 
making, money-loving people, no plea can be so effective as that of 
monetary profit and loss,— of dollar versus dollar demonstration. For 
the convincing of such as listen and yield to no other argument, and 
for the information of those who would furnish themselves with every 
effective argument, the study of the dollars and cents side of a sanitary 
question may therefore be profitable. 

What then is the money gain as compared with the output in securing 
good ventilation in school-buildings? The items on the profit side may 
be briefly summed up as follows: Shorter time of schooling in acquiring 
a given amount of knowledge, and earlier entrance upon, and more 
vigor in, subsequent remunerative work ; reduced number of days lost 
in sickness, and less money paid in salaries to substitute teachers. 

The full value of these items is not likely to appear at their bare sug- 
gestion. The first involves the rapidity of acquisition, dependent on 
the alertness of the scholars both individually and collectively, and the 
clear-headed energy of the teacher,— the regularity of attendance on 
the part of both scholar and teacher,— the absence of breaks in the 
school-work due to actual or threatened epidemics. Bad air works a 
double evil in depressing the teacher and dulling the scholar ; it reduces 
vitality, and exposes both scholar and teacher to greater liability to sick- 
ness and absence,—the absence of the scholar resulting in loss through 
interruption of school-work, and that of the teacher involving all the 
disturbing results of substituting ; it promotes the spread of contagious 
disease, and not infrequently makes closing as a prevention necessary. 
Schools which have suffered such almost yearly loss of weeks have, 
after the introduction of good ventilation, been for years free from such 
interruption. This much may, therefore, be included under the one 
item of time saved. 

The actual expenditure of money is reduced as well, and that in two 
directions. The lowered vitality induced by bad ventilation exposes 
the sufferer to greater liability to disease, and to its greater severity 
when it comes, and therefore to a proportionately greater expense for 
medical treatment and attendance; and on the other hand it increases 
the cost of school-work, because of the extended time required to ac- 
complish a given result, and because of the larger amount of substitution 
involved, when paid for from the public fund. The aggregate of these 
two classes of losses to be charged to the profit side, if saved by good 
ventilation, is probably much larger than is commonly supposed, but the 
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data for exact statements are not easily attainable. The record of the 
Pension Bureau, however, furnishes some suggestive figures. This de- 
partment, heretofore scattered about in separate small and poorly venti- 
lated buildings, has recently become established in the new, spacious, 
and well-ventilated building erected for its use. Meanwhile the work- 
ing force has been greatly enlarged with the growth of the Bureau's 
work. Under the bettered sanitary conditions, of which improved 
ventilation, with its intimate and dependent allies, is doubtless of well- 
nigh exclusive importance, the time lost by sickness for one year was 
10.114 days, against 18.736 under previous conditions and with a smaller 
total force. This reduction of nearly fifty per cent represents a gain 
by no means measured by days of actual sickness averted, but by a cor- 
responding vitality of the whole working force, and money unspent in 
payment of doctors’ and druggists’ bills. 

Turning now to the other side of the account, the items of loss may 
be summed up under two heads; first, the cost of the means for heating 
and ventilating above that for heating only, and second, the cost of heat- 
ing the air required for ventilation. The first of these being for perma- 
nent installment may be charged on interest account. The second 
being a yearly account must be charged in full to those benefited by it. 

The means required are, in general cases, simple. When space can 
be spared for generous-sized flues, machinery in the shape of fan and 
engine are superfluous and skilled attendance unnecessary, except in 
climates where the temperature is for a considerable time during the 
period of the building’s use too cool for open windows and yet so warm 
as to require but little artificial heat, or in cases of unfavorable exposure 
of building. Twenty square inches area per capita of cross section of 
most contracted part of a well-planned flue system of thirty-six feet 
height, will secure to each pupil 1,500 cubic feet of air per hour when 
the outside and inside temperatures are respectively 60° and 70° F. 

The necessary increased cost of construction is, first, in providing 
large flues and suitable dampers for controlling their air-moving capac- 
ity ; and second, in the larger heating surface which may in some cases 
be demanded for warming to the point of comfort the greater air volume 
to be moved by the enlarged flues. For a large school-building of from 
12 to 14 rooms, the total necessary increased construction cost would 
not exceed $2,000, on which the interest would be, say, $100, which 
divided among 600 scholars would equal an outlay of 17 cents per year 
on each. Assuming a required renewal of the extra heating surface 
once in twenty years, the additional yearly cost would be $50, or 8.5 
cents per year per scholar. 
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The difference between the cost of simple heating and heating with 
free ventilation is not so easy of exact statement, but may be closely 
approximated. Taking as an example a brick-walled school-building 
96 feet by 92 feet by 37 feet, having a mansard roof and 1,200 square 
feet of single-glazed window surface, estimate makes the coal required 
for heating alone for thirty weeks, and including that lost in banking 
fires, 83 tons, at a thermal efficiency of 8,000 units per pound of coal. 
Through faulty firing and wasteful methods of heating this amount may 
be exceeded by 15 or 20 tons. An air supply of 1,500 cubic feet per 
hour per capita for six hours a day and five days a week would, for the 
same time, require 32 tons, and this alone could be charged to ventila- 
tion. At $5.00 per ton, the year’s cost per scholar would therefore be 
27 cents, or a total of 52.5 cents a year, or a little under 2 cents per 
week for the thirty weeks of required artificial ventilation. 

Such estimate takes no account of the waste attending the usual 
methods of heating without, or with only meagre ventilation, by which 
the ceiling air is sometimes 20° overheated to keep the floor at comfort- 
able temperature, or the top floor overheated for the sake of warmth in 
the lower stories. The effect of this common condition of things upon 
coal combustion is more than equivalent to the economical heating of the 
building in a climate with a mean lower temperature of 10°, since loss by 
conduction through walls is proportional to the mean temperature differ- 
ence between inside and outside air, and the air lost by leakage is in- 
creased in quantity and temperature,— for it is the hottest that escapes; 
and the more rapid the outward leakage at the top the higher the 
rate of inward leakage at bottom, necessitating a further heating to 
maintain a comfortable temperature at the floor of a room or the base- 
ment of a building. The loss by conduction and leakage is least when 
a uniformity of temperature is maintained throughout a building or 
room, and the more free and efficient the ventilation, the more sure the 
attainment of that result. 

An illustration of this fact is furnished by the records of the heating 
and ventilation of the two principal buildings of the Massachusetts In- 
stitute of Technology. The Rogers Building is heated and ventilated 
in only a few of its most crowded rooms. The new building, of ap- 
proximately the same size but with much larger window surface and 
thinner walls and more open interior, is ventilated to an extent equiva- 
lent to the complete change of the air of its rooms every 12 to 13 min- 
utes, or assuming 400 occupants, with an average of over 8,000 cubic 
feet per hour for each occupant, and the ventilation is maintained through 
an average of nine hours for six days of each week of the school year. 
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The most perfect record thus far kept shows that for heating and ven- 
tilating the new building, 55 per cent more fuel has been required than 
for heating the Rogers Building, the latter having the further advantage 
of waste heat from the boilers and heated chimneys, and the regular 
heating of one of its large rooms, and, in some weathers, the heating 
the entire building from the new building’s boilers. 

Such evidence would make it appear that the difference of 32 tons 
estimated as the cost in fuel of ventilation, above simple heating, is too 
much, rather than too little, to be charged to that account. Taking, 
however, an estimate of two cents per week as the maximum actual cost 
per pupil, it is safe to declare that a very small payment for the actual 
monetary gain secured. 

By way of illustration the Pension Office data are again suggestive. 
Let the total 700 tons of coal burned during the year covering the data 
quoted (at $4.00 per ton), represent the cost of improved ventilation, and 
let 8,622 days, at an average of $2.00 per day, saved from illness, 
represent one item of the resulting profit. The Government account of 
profit and loss would then stand,— profit, $17,244, and loss, $2,800; no 
account being made of the improved working ability of the whole force, 
nor of the private account of the unincurred expense incident to 8,622 
days of sickness. 

An estimate of the immediate dollar and cent profit due to averted 
illness may be based on the record of a large grammar school covering 
absences because of sickness, and on the assumption of a gain by gener- 
ous ventilation, in the general health of the school proportionate to that 
realized in the Pension Office. Considering the value of a day saved 
from sickness worth no more than the cost to the city of one day’s 
schooling, and assuming medical attendance on one in twenty-five cases 
of sickness, and the cost of substitution at one dollar a session (the 
absence of teachers through sickness being given the same ratio as that 
found for the scholars), the profit side is then found to exceed the total 
loss by more than 20 per cent. 

All the suffering involved in five and one-half years of sickness, all 
the gain in the character and quantity of work done both in and out of 
the schoolroom, and the increased vigor of health maintained through- 
out school years and after life, though of incomparably greater value, 
count for nothing in such an estimate. Were five and one-half years of 
sickness directly caused by some public mal-administration other than 
the keeping of fresh air out of schoolrooms, the yearly draft on its 
treasury for damages might easily be largely in excess of the total cost 
of the construction and use of a good ventilating system. 
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VENTILATION OF THE MACHINE-ROOMS OF PAPER MILLS. 

The machine-room contains the machinery required for converting 
paper pulp to paper. From a single machine making six tons of 
paper per day, there may be nine tons of water evaporated in the same 
time. The air rising from the steam-heated driers is saturated at a tem- 
perature of from 100° to 110°, and if allowed to diffuse through the room 
and cool, fog in the air and heavy condensation on chilling surfaces 
result, the latter injuring the woodwork of the mill, and if condensation 
is sufficiently rapid directly over the machine, damaging the paper in 
process of fabrication by the dripping of water upon it from the ceiling. 

The heated air, if allowed to escape into the room, raises its temper- 
ature to a point which, with the excessive humidity, depresses and 
enervates the working force, not only in the machine-room but in others 
which may be above it, or into which, for the sake of relief, it may be 
ventilated. 

The ordinary method of ventilating such a room is by opening the 
ceiling directly over those parts of the machine yielding the most 
vapor, and carrying upcast ventilating shafts through the roof into open 
air. If the shafts are large and tall, their position well chosen, and the 
supply to the room equal to the discharge capacity of the shafts, and 
especially if the room is low studded, the relief may be very considerable, 
but in practice it is seldom enough to prevent condensation on cooling 
surfaces, nor are the results economically obtained. Such a method of 
ventilation allows much of the heated and humid air rising from the 
machine to diffuse through the room before being discharged, making a 
larger air movement necessary for the maintenance of any desired con- 
dition of temperature and dryness than would be required were the hot 
and wet air rising from the machine completely and instantly removed. 
To attempt to ventilate the room through an aperture placed in the roof or 
wall, whether the motive power is effected by a shaft or a fan, is to make 
the whole machine-room a discharge conduit having large and exposed 
cooling surfaces. 

The most perfect ventilation of such a room is secured when the air 
discharged from it is identical with that which rises from the machines,— 
no less, no greater, and no other,— and when that discharge is so direct 
and immediate as to preclude diffusion — the most efficient method of 
effecting such removal is by placing over the machine a hood, covering 
that part of it from which the objectionable air rises. The hood should 
overhang the machine a foot or more on all sides, and should be raised 
above it only to a sufficient height to afford easy working room beneath. 
Such a hood may have connection with a single shaft, preferably located 
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over that part of the machine from which the greatest quantity of steam 
escapes, or the outlet may be at several points along its length. In 
either case it is advantageous to place a diaphragm in the hood, to equal- 
ize along its entire perimeter the air current flowing into it, and to con- 
centrate it there, so making the current strongest along the line which 
would otherwise be the natural line of escape of the heated and damp 
air. (Fig. 1.) 

To prevent the possibility of the dripping of water upon the ma- 

chine, due to the condensation within the hood, the latter should 
| | be made with sloping roof, which 
should extend beyond the machine. 
The diaphragm should be made 
of cloth stretched upon a light 
frame, so supported within the 
hood as to be easily removed for 
cleansing and renewal as required. 
The bafflers, B B, may also be 
‘made of cloth of sufficient stiffness 
or weight to keep them in the ver- 
tical position against the inward 
pressure caused by the strong cur- 
rent through the slot between them and the edge of the diaphragm. 

The air to be moved may best be computed on the basis of the maxi- 
mum amount of water evaporated per hour. If that rate is nine tons in 
a day of twenty-two hours, or 818 lbs. per hour, and the temperature of 
the escaping air is 110° F., the number of cubic feet of air per hour 
required to move the water is 260,000. Making allowance for a some- 
what lower temperature than 110°, and for the excess of heated air ris- 
ing from the machine, the maximum limit of air to be moved through 
the hood per hour may be put at 400,000 cubic feet. 

If the minimum velocity of air-flow through the hood discharge-shaft 
is fixed at 10 feet per second, the shaft’s sectional area must be about 
twelve square feet, and the cross section of the hood included between 
the roof and the diaphragm should be at least 10 square feet if the 
shaft is located at one end of the hood, or 7 square feet if the position 
of the shaft is central. 

The open free space between the diaphragm and the hood should 
nowhere be less than 2 inches wide, and not less than 3 at that part of 
the hood under which the greatest part of the steam is developed. If 
the ventilating shaft is vertical and unprotected by insulation, and ex- 
posed for any considerable part of its length to cold air, condensation 
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may take place and water trickle down the walls of the flue. In such 
case provision must be made for catching and draining off the condensed 
water, to prevent its dripping through the diaphragm upon the paper. 

The advisability of using a fan within the discharge shaft must depend 
on several conditions, principal among which are the freedom with 
which air is admitted to the machine-room, the height and unobstructed 
character of the shaft, and the extent to which it is desired to rely upon 
artificial ventilation in mild and warm weather. With an outside tem- 
perature of 50°, a free, vertical shaft, 3.5 feet square and 40 feet high, 
having an abundant air supply at bottom and an internal temperature of 
100°, a velocity of flow of 10 feet per second may be obtained, allowing 
50 per cent loss through resistance of friction and other causes. In 
general, however, the use of a fan adjusted for running at various 
desired rates of speed must prove more satisfactory, since the rate of air 
movement is then under more perfect control, and the use of the system 
of artificial ventilation may be carried further into mild weather; and 
in exceptional cases, when the room is sheltered and the air supply can 
be inexpensively cooled, the forced ventilation may be carried through 
the summer. The power required to run a fan for such work increases 
with the decrease in temperature difference between the flue and the 
outside air, but it can at no time be more than one half horse-power, 
except by some faulty construction. 

The best action of the hood is in an important degree dependent on 
the quietness of the air of the room, a current of two or three feet per 
second between the hood and the machine being sufficient to carry a 
considerable part of the hot and vapor-laden air out from under the 
hood. Hence the currents caused by the entrance of some 7,000 cubic 
feet of air per minute into the room should be so distributed and 
directed as to cause scattered and vertical currents rather than concen- 
trated and horizontal ones, and the areas of inflow should be so large as 
to reduce the rate of flow to at least five feet per second. 

The heating of so large an air supply is the chief item in the cost of 
such ventilation. To heat the air through 60° would in zero weather 
require about 60 lbs. of coal per hour, or more than one half ton 
per day, and the steam-heating surface demanded would be at least 
500 square feet, costing some $500, if boxing and suitable air connec- 
tions are included. The average daily coal consumption through a year 
of seven winter months may be put at 700 !bs., making a yearly aggre- 
gate of 38 tons, costing, according to the variety used and the remote- 
ness of mill from supply, from $100 to $250. The total yearly cost of 
air heating by this method, including interest on construction cost, 
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repairs, coal burned, and interest on coal payments, may be put at from 
$150 to $300, according to circumstances. 

Such an outlay would, however, doubtless find a generous return in 
the preservation and improved condition of the mill, and the health and 
efficiency of its working force. 

It may frequently be possible to draw the air supply through the 
rooms adjoining the machine-room, so effecting both their ventilation 
and the heating of the air in transit. The additional heat yielded by 
radiation from the machine driers and piping may then be sufficient to 
maintain the desired temperature, making large auxiliary heating sur- 
face unnecessary. Adequate means must be provided for the heating 
of the machine-room without ventilation when the machine is not run- 
ning. 

The cost of ventilation may, however, be greatly reduced by the use 
of suitable means for effecting a transfer of heat from the discharged to 


the supply air. The heat contained 


Fig au! ; in the 400,000 cubic feet of dis- 
. 7 ee - charged air and the 830 lbs. of water 
| ‘i i | i vapor contained in it is greatly in 


excess of that required for heating 
NAAN ANAM the fresh-air supply, even in the cold- 


W | Lave", 


» est weather. Cooling the escaping 

3 air through only 30°, the yielded 

heat would equal 218,000 units, and 
y HHeuHUUu e 


HAA a corresponding vapor condensation 
would yield 400,000 more, making a 
total of some 600,000 against a maxi- 
l mum of 500,000 needed for zero 
4 weather. 

To effect the transfer the dis- 
charged air may be made to pass 
through a battery of galvanized iron 
5 pipes, over which the supply air is 

made to pass by the aid of an auxil- 

iary fan. A possible and convenient 
form for such an arrangement is shown in Fig. 2. The ventilating 
shaft V, through which the discharge air escapes under the unaided 
action of its own levity, or preferably by the aid of a fan, /, has a cross 
section of 3 feet 6 inches by 3 feet 6 inches. By means of a damper, 
D, the air movement may be deflected from a straight course through 
the flue, and passed wholly, or in part, through the transfering arrange- 
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ment, according to the quantity of heat to be transferred to the in- 
coming air. The boxes, B B, are 8 feet by 8 feet by 2 feet, and they 
are connected by 144 pipes of 4 inches diameter and 12 feet length, 
12 of which areshown. A diaphragm, G, separates the free space be- 
tween the boxes into two equal parts, the supply air being thus made to 
pass twice and in reverse directions between the pipes. 

Fig. 3 gives a vertical section of the 
arrangement from another side, C G C, h 
being conduit chambers’ extending | 
across two sides of the battery of pipes, i 1 
and designed to facilitate the equal diffu- a il 
sion of air over and movement between 
the pipes, which should be spaced 8 
inches between centres, and in stag- 
gered order. For greater convenience 
in handling, the pipes may be made in 
two parts, one telescoping into the 
other, and soldered as they are placed. ’ HH 
The lower length of each pipe should B. : 
be made to extend a half-inch or so inte 
the lower box, to prevent the wetting 
and rotting of the wood, and the pipe SI 
should be supported by a flange, as . 
shown in Fig. 4. A similar flange may be placed -at the top of each 
upper length of pipe, to aid in making a tighter joint. The bottom of 
the lower box should be metal lined, and arranged for the drainage of 

— from 35 to 60 gallons of condensation an hour. 

The cost of such a heat transfer, with fan and 

Fig +, air connections, would be no more than the 

steam-heating plant otherwise required, and the 

expense of using it would be that of running a 

one-horse power fan, costing in coal perhaps five 

nema — pounds per hour if the exhaust steam is thrown 

z.] > out-board, and less than one half pound if the 

waste steam is used for any mill purpose. The 

gain would therefore be practically the entire 

cost of the coal otherwise required for heating, and the principal item of 

loss would be in the space occupied by the system, 8 feet by 12 feet 

on the floor, and 16 feet high. These dimensions may, however, be 

reduced without effecting a corresponding reduction in the efficiency of 
the transfering apparatus. 
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The economic value of such a method of transfer increases with the 
temperature difference between the outdoor and the discharged air, with 
the humidity of the discharged air, with its volume, and with the in- 
creased cost of fuel. Its application to the ventilation of ordinary build- 
ings cannot have the economic value which may be realized when the dis- 
charged air is of excessive humidity. When the New Building of the 
Massachusetts Institute of Technology was in process of construction, 
the writer suggested the adoption of a plan for economizing fuel by the 
the transfer method. The proposed plan would, according to estimates 
furnished, have required an outlay, in modification of building and in 
special construction, of some $12,000 or $15,000. The saving in coal 
would, by estimates, be at least from 150 to 200 tonsa year. The inter- 
est on $15,000 at 5 per cent equaling the cost of 150 tons of coal at $5 
per ton, the gain under such conditions would be nothing. Yet in build- 
ings of such character and use as are maintained by individual or govern- 
mental endowment, the adoption of such a plan might be in the line of 
economy, since the needed funds for its installation as part of the build- 
ing’s equipment, could be much more easily obtained by solicitation than 
its equivalent annual gift for the purchase of coal. 


The above study was suggested by the application of a paper manu- 
facturer for some method of insuring the dryness of an exposed roof 
built without the usual air space, and described in the following 
letter : — 

Boston, April 25, 1888. 
Mr. S. H. WoopprinceE: 


\ 

Dear Sir,— In connection with your description of the system of ven- 
tilation in the machine-room of a paper mill, it may be judicious to state 
that until a very recent period, paper-makers have assumed it to be nec- 
essary to construct the roof of the machine-room, in which the water is 
evaporated from the paper while in the final process of manufacture, 
with a large air space in it, under the supposition that such an air space 
is necessary to prevent the condensation of the moisture from the paper 
upon the under side of the roof. Hence the common method has been 
to put over the machine-room a pitched roof, ceiled on the under side 
of the rafters, or else ceiled horizontally from wall to wall at the level of 
the top of the walls, in the latter case making a triangular cock-loft, to 
which the underwriters take very serious objection. It is in these con- 
cealed spaces that fires spread with the greatest facility, while they are 
fully protected from the water thrown either inside or outside. Hence 
the effort of the underwriters has been to induce the paper-makers to 
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place over their machine-rooms a solid deck of wood, sufficiently thick 
to prevent the passage of the cold from without, and thereby to do away 
with the danger of the condensation of moisture on the inside, such 
heated vapor being subject to condense and drop from a cold surface. 

The roof of the machine-room, to which your system of ventilation 
has been applied, is constructed in this way without any hollow space of 
any sort, and it has proved to be an entire success. 

The effort of the Mutual underwriters is now to procure the removal 
of all dangerous roofs of the old kind, and the substitution of the thick 
plank roof corresponding to the one described. The roof is substantially 
of plank, three inches thick, covered with one inch mortar on the out- 
side, then one inch sheathing, and finally covered with any kind of 
roofing suitable for a flat roof. It has been proved in this, as in many 
other cases, that solid wood is the best non-conductor of heat,— much 
better than confined air spaces. 

At the instance of the Mutual underwriters a very large portion of 
the old-fashioned factory roofs, as well as of the pitched or barn roofs, 
so-called, and nearly all the French roofs, have been removed from 
textile factories and other works, all being bad forms either for use or 
safety. 

The prejudice of paper makers has been very great in favor of a form 
of construction of roofs which is both unsuitable and unsafe, but at 
length they have become convinced that the solid deck or flat roof is 
the only one fit to be placed even over a paper mill. Many dangers 
are now being removed, and it is not probable that unsafe and unsuita- 
ble roofs will hereafter be placed even over the machine-rooms in any 
new undertakings. 

The building which you have ventilated is constructed according to 
the rules which the Mutual underwriters have long advised their mem- 
bers to adopt. It remains for the architects who have charge of the 
construction of other buildings than those insured by the Mutual Com- 
panies, including dwelling-houses, to find how to construct a safe roof 
consistent with their esthetic requirements, in place of what have been 
rightly named the “crazy roofs,” under which the greater part of our 
modern buildings have been constructed. Ovens in summer, refrigera- 
tors in winter, and fire-traps all the time, may be the terms most suita- 
ble to be applied to the greater part of the roofs heretofore or now being 
constructed, outside the supervision of the Mutual underwriters, 

Yours very truly, 
EDWARD ATKINSON, 
President. 
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The following is appended for the benefit of those who, distrustful of 
theory, are to be convinced only by the evidence of experience : — 


Boston, May 4, 1888. 
Mr. S. H. WoopsripDcE: 


Dear Sir,— Referring to your inquiry as to the advantage of a thor- 
ough ventilation of machine-rooms in paper mills, I would say that it is 
a subject which appears to be but little understood by paper manufac- 
turers; consequently a well-ventilated building for this purpose is rarely 
met with. 

Poor ventilation seriously impairs the life of all wood-work, causes 
considerable imperfect paper; directly by water dripping from the ceil- 
ing, and indirectly by the unfavorable effect on the workmen. 

Since we have adopted the method of ventilation described in your 
paper (without the proposed method of heating), our work-people in 
the machine-rooms tell me that they feel much fresher at the end of 
their day’s work than they did before it was introduced, and as a result, 
the character of their work has improved. 

We started our new system in October last, and up to the present 
time I can honestly state that we have not, under the most unfavorable 
atmospheric conditions, had a particle of moisture condense either on 
ceiling or walls 

A flat roof I consider an efficient aid to good ventilation, when prop- 
erly built. It relieves the machine-room of useless space which has to 
be heated; and presenting a smaller area than a pitch roof, there is, of 
course, a smaller radiating surface. 

I prefer a ventilating-fan to a natural draught, as by this method one 
has complete control of the ventilation; and where the fresh air enter- 
ing the machine-room is supplied freely, all the moisture which is 
thrown off from a machine in making six to eight tons of paper per day 
can be properly removed by a four-foot Blackman fan, driven at about 
one hundred revolutions per minute. 

If paper manufacturers will adopt flat roofs on their machine-rooms, 
constructed after the specifications of the factory mutual insurance com- 
panies, and a system of ventilation such as I have referred to, they will 
at once see their advantage in it, and condemn their past conservatism 
in these particulars as stupidity. 


Very truly yours, 


Gro. W. WHEELWRIGHT. 
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A DEVICE FOR INCREASING THE EFFICIENCY OF LARGE SHAFTS EXPOSED 
TO WIND ACTION. 

The light-shafts of buildings are often used for purposes of ventila- 
tion. If such shafts are glass covered, one or more pipe ventilators are 
usually placed at or near the ridge or in the peak of the skylight cover- 
ing the shaft into which numerous windows may open, or doors, if the 
skylight is over a stair-well.: The area of outlet through the ventilator 
is usually so contracted as to be but a small fractional part of the win- 
dow or door area into the shaft, and the practical working effect of the 
shaft is in the conveyance of air from the lower part of the building to 
be effectually distributed through the upper stories, simply for the rea- 
son that, cut off from escape through the ventilator, it seeks egress 
through channels offering less resistance to its movement. 

For the proper action of such a shaft the relation between the mmaxi- 
mum areas of openings into and discharge from it must be fixed, the 
discharge area being such as to move the whole volume of air, for which 
outlet through the shaft is sought, at a velocity no greater than that of 
the slowest rate of flow into the shaft,—or that due to the available 
head for air movement from the uppermost story connected with the 
shaft. 

This rule in most cases demands a practically free opening of the 
shaft at its upper terminal into outer air. The question then arises how 
such opening shall be given, and at the same time proper protection 
from weather and adverse wind action be secured, together with the 
lighting of the shaft, and such arrangement as to make wind action in- 
crease rather than diminish the ventilating efficiency of the shaft. If 
for this purpose the skylight is raised above the roof, and the extended 
sides of the shaft left open, the area may be secured without the re- 
quired protection. If fixed louvre blinds are placed in the openings, or 
if they are covered with fine wire cloth, rain and snow may be partially 
excluded but not the wind. The entrance of wind must interfere with 
ventilating action, since the blowing of wind into an inclosure whose 
walls upon all sides are of the same general character in openness and 
exposure, produces a pressure within it which tends to force air out- 
ward in all directions but to windward, and so to interfere with, if not 
reverse, the upward flow through the shaft. Hence one cause for the 
use of various automatic devices for closing the windward and opening. 
the leeward sides at the top of ventilating shafts, such as capping 
them with revolving cowls or bafflers held by wind action to the most 
effective position, or housing the top of the shaft with blinds, so balanced 
as to be always open except when closed to windward by wind force. 
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But cowls and bafflers are more or less tardy in action, sometimes fail- 
ing in light wind to respond to its movement, and thus causing the re- 
verse of the desired effect. They are furthermore objectionable because 
of the squeaking and noise attending their motion. The clattering and 
rattling of automatic blinds have in some cases made them such nui- 
sances as to result in their being removed or nailed fast. 

Some eight years ago the writer proposed as an above roof terminal 
for the main shaft for the ventilation of Huntington Hall, an arrange- 
ment adapted to light or stair-well shafts used for purposes of general 
ventilation, and shown in Fig. 5. The shaft walls, S, carried above the 

roof high enough to be clear of snow, 
are surmounted by an open frame, 
supporting the skylight and shaft 
roof. The total clearance between 
the top of the shaft and its roof is 
made equal to twice the sum of the 
fixed areas for the discharge of air 
from the building into the shaft. 
Frames, F F, covered with wire net- 
ting of coarse mesh, are placed as 
shown, and upon the outside of them 
are wire rods supporting strips of rub- 
ber gossamer six inches wide, and extending from end to end of each 
frame. In quiet air these flaps hang vertically. An upward air movement 
through the shaft moves them more or less outward, according to its 
force, affording free exit. An outside wind instantly closes the side to 
windward, and the increased pressure difference on the leeward sides 
results in throwing the flaps still further outward, and in proportionately 
accelerating the rate of outflow. The top of the shaft is covered with 
glass to the point #, and finished out in metal. The outside wire cloth 
is of fine wire and close mesh, not coarser than ;\, inch, and for durabil- 
ity is covered with a highly fluid paint. The frames on which the outer 
and inner wire nettings are stretched are made easily removable, for 
the renewal of the netting and flaps as required, both of which should 
be inspected every few months, in order that clogging dust, or damaged 
flaps may not interfere with the shaft’s proper action. 

If it is desired to use the shaft for inflow rather than outflow, the 
gossamer flaps may be placed on the inside of the wire cloth, the frame 
holding which had then better be given an inclination in the opposite 
direction from that indicated in the figure. 
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PRIMARY HINTS FOR THE INSPECTION OF BUILDING VENTILATION. 

The fact of a sensible odor or of closeness within a building, perceiv- 
able on entering it from outside air by one having a fairly acute sense 
of smell, may be regarded as evidence warranting further examination. 

The odor may be found to be both unavoidable in origin and harmless 
in character; the former when peculiar to, and inseparable from, the 
employment of those occupying the building; the latter when the odor 
is neither of such intensity nor.morbific character as to be prejudicial 
to health. 

The odor may be chiefly or solely due, however, to the presence of 
the occupants and the absence of a sufficient air supply. In the ab- 
sence of other carbonic acid gas than that produced by respiration, the 
cause of an odor, as between those which are and those which are not 
due to inadequate air supply, may be most surely discovered by a chem- 
ical determination of the amount of that gas present in the air. By the 
amount by which the carbonic acid gas exceeds the normal, the evidence 
of imperfect ventilation as the cause of an odor increases, and by the 
amount by which that gas approaches the normal the evidence indica- 
tive of some other cause increases. The normal of carbonic acid gas in 
outside air may be put at ;péy9, and zo$pp found within a building 
indicates an air movement through it which may be regarded as ad- 
equate for perfect artificial ventilation ; ;5%5 5 as fair for rooms occupied 
through long sessions, and good for those occupied through short ses- 
sions, as churches, theatres, halls, etc. ; ;o\59 bad for long and fair for 
short sessions. Beyond ;,\%;5 for long, and 594755 for short, should 
not be tolerated. 

The amount of air supplied, though not a reliable indication of the 
efficiency of the ventilating work done by it, may be taken as an 
approximate test of the cause —as between the two classes of causes 
under consideration — of odor in a room or building. Thus 3,000 cubic 
feet per hour per head for adults may, in general, be considered an 
adequate supply for perfect artificial ventilation of a building in which 
the cubic space per head does not exceed that amount; 1,800 cubic 
feet per head for long sessions as fair, and for short sessions good ; 1,000 
for long bad and for short fair; and less than 700 for long and 600 for 
short sessions should not be tolerated. 

A crude estimate of air quality as dependent on a ventilating system 
may be made by noting the areas of inlet and discharge conduits a¢ their 
most contracted parts. The velocity of flow through ventilating flues, 
through which air is not mechanically forced, seldom exceeds, and gen- 
erally falls short of, 500 linear feet per minute; and the mere fact that 
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mechanical means are employed is in itself no warrant of better results, 
since they may serve as a cover for egregious blunders. A velocity of 
300 feet per minute is, in general, nearer the actual than 500. In flues 
of not less than one square foot cross-section the area of most con- 
tracted part must then be, roughly, 24 square inches for 3,000 cubic 
feet per hour per head, 16 for 1,800, 8 for 1,000, and 5 for 600. In 
smaller flues the areas must be greater. 

If an odor persists in a room or building when carbonic acid gas is 
found to be at or below ;5%55, its cause must be traced to some other 
source than inadequate air supply, and may then be sought in the pres- 
ence of offensive matter about or within the building, or about the 
persons or clothing of those occupying it, or in the faulty local ventila- 
tion of some offensive premises, as water-closets, or clothes-closets, 
kitchen, drains, etc. The ventilation of such a premise should be such 
as to cause a strong and persistent movement of air toward and into it 
from adjacent rooms, rather than through and from it to them. To this 
end basement water-closets should be provided with close windows, 
self-closing doors, and an exhaust flue of sufficient strength and air- 
moving capacity to effect a strong in-current of air, and in such volume 
as to rapidly change the contained air of the inclosure. 

In exceptional cases the air of an inclosure may be morbific without 
having any sensible odor, as by the presence of contagious or poisonous 
gas, dust or vapor, or in the presence of cold and absence of moisture, 
a condition retarding organic decomposition and putrefaction, and re- 
ducing the intensity of odors resulting from its presence. The sense of 
smell can, therefore, be regarded only as a sufficient evidence warrant- 
ing further inquiry. In all questionable cases carbonic acid tests should 
be made, especially if olfactory is confirmed by ocular evidence; and in 
cases of suspected contamination not to be determined by either of 
these methods, the matter should be immediately referred to a sanitary 
expert or health board. 





NOTES ON THE STRUCTURE OF THE QUILLS OF THE 
PORCUPINE. 
BY EDWARD G. GARDINER, PH.D. 

HE hair and quills of the common North American porcupine 
iL (Erethizon) presents some marked peculiarities. The back and 
sides of the animal are covered by long shaggy hairs, varying in 

color from brown to black, and frequently tipped with white. 
These hairs are quite coarse, and often from 4 to 5 inches in length. 
The head, limbs, and belly are clothed with much shorter hairs, which 
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are generally of the same color as the long ones, except that they are sel- 
dom tipped with white. On the back and rump, interspersed with the 
long hairs, are numerous long, slender quills, which, unlike the hairs, 
are white in color, tipped with black. These quills are about one twenty- 
fourth of an inch in diameter throughout their entire length (4 or 5 inches) 
till within one quarter of an inch or so of the extremity, at which point they 
decrease rapidly in size, terminating in an exceedingly fine point. 
These quills, which are easily bent or broken, constitute but a small 
portion of the protective armament of the porcupine. The animal is 
further provided with very numerous short and exceedingly stout quills, 
from I to 2 inches in length, and of about twice the diameter of the long 
and slender ones. Like these latter they are white, and somewhat 
resemble the shaft of a feather in appearance. On the head, back, and 
sides these short quills are very numerous, although partially concealed 
by a thick growth of hair, such as clothes the limbs and ventral side of 
the body. On the tail, however, the quills are more numerous, and as 
the hair is much shorter, the quills are evident to the most superficial 
glance. 

It is well known that when disturbed or irritated, the porcupine erects 
the hair and quills, at the same time striking at its assailant with its 
powerful tail. In the act of striking, when the tail is suddenly arrested 
by coming violently in contact with some obstacle, the shock is fre- 
quently sufficient not only to detach some of the quills, but to throw 
them a short distance. It is stated on good authority that the muscu- 
lar contraction by which the quills are erected may cause some of them 
to be detached and ejected. 

The manner of growth of the quills explains why some of them are 
so easily loosened. The quill, like an ordinary hair, grows from a 
papilla, which fits into the cup-shaped depression of the root (Figs. 1 
and 2), and which lies imbedded in the cutzs vera. 

Fig. 1 shows the root of an immature quill enlarged about 15 diameters, 
the point of which protruded about one half an inch. There is no differ- 
ence in size between the root and the part which is immediately above 
the skin. At this stage in its development the quill is very firmly 
attached, requiring considerable force to pluck it out. Fig. 2, on the 
other hand, shows the root of a full-grown quill which was detached by a 
slight shock. It will be seen that the root has in a measure atrophied, 
being less than half the diameter of the actively growing quill. In 
other quills which have dropped out the bulb (a) at the root is even 
smaller, and shows evidence of even further degeneration. 

If the rate of growth during the formation of the whole quill is uni- 
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Fig. 4. 
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form, it is evident that when the part immediately below the line (s) was 
formed the papilla must have been undergoing very rapid diminution 
in size. Quill-roots showing different stages of degeneration have also 
been observed. The structure of the attenuated part of Fig. 2 is closely 
similar to that of the rest of the quill,—the principal difference being 
that the former is much less horny. In quills treated with picro-carmine 
this is the only part which takes the red stain. During the growth of 
the slender part, the papilla not only changes in size, but also in position, 

In the young quill, which projects but one half an inch or so above the 
skin, the root is very deeply imbedded in the subcutaneous tissues. 
When, however, the papilla begins to dwindle it also begins to change 
its position, by growing up toward the surface; hence at the same time 
that the quill is being forced out by growth from the papilla at its base, 
the papilla itself is also traveling upward. The root of a young quill is 
often buried in the cort#m a quarter of an inch deep, while that of one 
which has reached its maximum development is seldom imbedded to 
half that extent. The letter (s) in the Figs. 1 and 2 shows the point up 
to which the quills were imbedded. 

When the quill is fully developed it loosens itself and drops out. 
Whether the papilla which has borne it then dies, or whether it proceeds 
to build a new quill, is somewhat uncertain, though it would appear that 
the latter is the case. Young quills, the points of which are hardly 
above the surface of the skin, have their papillz so close to the surface, 
that the thought that the papilla are the ones which have just shed 
their quills naturally suggests itself. 

It should be remarked here, that owing to the exceeding hardness of 
the quills great difficulty in obtaining sections fit for microscopic ex- 
amination was experienced. The quills themselves can be cut only after 
prolonged treatment with caustic potash. From such sections as have 
been obtained, however, it would appear that after the quill had fallen 
out or been shed, the papilla begins immediately to build a new quill, 
at the same time sinking deep into the corzum, as before described. 

When the point of the quill is first thrust above the surface of the 
skin it is perfectly smooth and quite soft, being easily bent. As it 
grows longer it seems to dry up,and become much harder and stiffer. 
At the same time small plates appear on the surface, and shortly after- 
ward these plates assume the form of barbs (Figs. 3 and 5). 

These figures are from camera drawings of quills magnified about 15 
diameters. Some idea of the exceeding sharpness of their points may 
be gained by comparing them with Fig. 4, which represents the extrem- 
ity of a No. 12 sewing-needle magnified to the same extent. No. 12 is 
nearly, if not quite, the smallest sewing-needle that is used. 
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The quills are not solid in structure except near their points. In 
cross sections, as in general appearance, they very much resemble the 
shaft of a feather. Fig. 6 shows a section magnified about 60 diameters. 
There is an exceedingly hard, stiff cortical part, which is composed of 
flattened, fusiform horn cells. To separate these cells so that they 
are visible, treatment with caustic potash is advisable. Within this 
harder outer layer is the medullary cavity, which is generally filled with 
large pith-like cells. For the most part all traces of the original con- 


tents of these cells has disappeared, though occasionally oil or fat drops 
are present. 


QUARTZITES AND SILICEOUS CONCRETIONS. 
BY W. O. CROSBY, S.B. 


‘HE preparation of this paper was first suggested to me by certain 
phenomena observed on Box Elder Creek, in the Black Hills of 
Dakota. The Potsdam beds in the cafion of this stream, as at most 
points where they are exposed in the Black Hills, rest with a gentle 

inclination upon the nearly vertical Archzean slates, and are overlaid con- 
formably by the Carboniferous limestones. The thickness of the Potsdam 
is about 250 feet, varying with the unevenly eroded Archzean surface upon 
which it was deposited, and the hollows of which were filled up by its basal 
beds. These basal members of the Potsdam are extremely variable when 
traced from place to place, changing rapidly from the prevailing normal 
sandstone, sometimes to strata that are highly calcareous or rich in glauco- 
nite, and again to conglomerate masses in which water-worn boulders sev- 
eral feet in diameter are not uncommon. The basal sandstone is also often 
a firm quartzite. 

There are many points in the northern Hills where the Potsdam is not 
observed to rest directly upon the Archzean, but its lowest exposed strata 
are underlaid by intrusive sheets and laccolites of rhyolite and other acid 
lavas. The intrusive sheets vary greatly in thickness, and have often been 
injected at several different levels in the Potsdam, giving repeated alterna- 
tions of igneous and sedimentary strata. There are also numerous dikes 
connecting the intrusive sheets. Around the laccolites the Potsdam beds 
are usually upturned, sometimes at sharp angles, forming concentric lines 
of outcrop encircling the igneous cones, by which they have been locally 
metamorphosed. In fact, the Potsdam in the vicinity of the igneous 
masses (laccolites, sheets or dikes), and when not distinctly argillaceous, 
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calcareous or glauconitic, is always a hard vitreous quartzite, and often 
highly mineralized, forming the contact ore deposits of the Ruby Basin 
and other districts. 

The Potsdam sandstone of the Black Hills varies, as a sandstone, from 
an almost incoherent mass of siliceous grains, crumbling on exposure and 
easily crushed in the hand, to a tolerably dense and compact sandstone, 
which in weathering forms cliffs. The colors vary with the nature of the 
cementing material from a light gray to a dark-brownish red; and the 
lighter kinds, especially, sometimes seem to pass gradually into quartzite, 
the siliceous grains becoming imbedded in a bright, glassy, siliceous 
cement. 

As Newton has so clearly indicated,! ‘‘one of the most interesting 
points in the lithological structure of the Black Hills is the occurrence of 
beds of quartzite both at the base of the Potsdam and interstratified with 
its sandstones. Near Warren Peaks, Crow Peak, Terry Peak and other 
igneous masses, quartzites have been formed from sandstones by the direct 
metamorphic action of the volcanic outbursts; and in other portions of the 
Hills there are quartzites at the base of the formation which may possibly 
be the result of metamorphism accompanying the uplift of the Hills. But 
in many places throughout the Hills beds of hard, compact quartzite are 
found interstratified with the ordinary soft sandstones. Some of these 
localities are far removed from any evident locus of igneous action; and, 
indeed, the change of particular strata into quartzite while the overlying 
and underlying beds of sandstone are unaffected, is an occurrence which 
can scarcely be explained upon an igneous theory.” 

Similar conditions are not unknown elsewhere among the numerous 
Potsdam areas of the West, but nowhere, perhaps, are the facts so clearly 
exposed for study as in the Black Hills. The valley of Box Elder Creek 
presents, apparently, from this point of view, an exceptionally typical sec- 
tion of the Potsdam strata. The basal beds, as already indicated, are here 
a typical quartzite; while near the top of the formation a cliff of reddish 
sandstone, thirty feet in height, exposes numerous intercalated strata of 
hard, glassy quartzite, from six inches to several feet in thickness, It is 
also plain that some of the exposures of the Potsdam beds, from which the 
Carboniferous limestone has been removed by erosion, often owe their 
preservation to a thin but intensely hard sheet of quartzite. 

Besides the continuous layers of interbedded quartzite, there are numer- 
ous discontinuous masses, one to several inches in thickness, and having 
the form of very thin, sharp-edged lenses of highly glassy quartzite scat- 


1U. S. Geol. Survey, Report ‘on the Geology and Resources ot the Black Hills of 
Dakota, by Prof. Henry Newton, 1880, pp. 88-89. 
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tered through the granular and almost friable sandstone. These conform 
with the bedding of the sandstone, and are almost as sharply defined as 
the nodules of chert in limestone. In their smallest developments the 
quartzite lenses are minute flecks and shreds of the vitreous cementing 
silica, enveloping only a few grains of sand. Except that the cement is 
mainly vitreous instead of chalcedonic, and envelops the original water- 
worn grains of quartz instead of excluding them, it is strongly suggestive 
of the siliceous segregations of calcareous strata. The thin films or crusts 
of quartzite, described by Irving and Van Hise as occurring on the 
weathered surfaces of the Potsdam and St. Peter’s sandstones of Wiscon- 
sin, were distinctly observed on Box Elder Creek. 

In discussing the probable origin of the interbedded quartzites, Newton 
rightly emphasizes their isolation by considerable thicknesses of entirely | 
unaltered sandstone and shale. He clearly saw, as the following quota- 
tion shows, that this significant fact effectually bars out the usual igneous 
or hydrothermal hypothesis. ‘‘If only the basal member of the series ; 
assumed this character, it would be easy to suppose that there was some 
metamorphic action proceeding from below. But no such explanation will 
apply to the interstratified quartzites. If we suppose them to have been 
formed by igneous induration, even accompanied by heated waters, the 
unchanged condition of the intermediate and adjacent sandstones cannot 
be accounted for ; and the uniformity of the quartzites in thickness, and 
their marked separation from the associated common sandstone, are 
equally difficult to understand. The quartzitic layers are sometimes sep- 
arated by over one hundred feet of unchanged sandstone from the under- 
lying schists, while even the basal conglomerate has not been metamor- 
phosed in the least particular. In sections of the Potsdam, also, where 
the relations to the underlying schists are the same, and where there is no 
evidence of greater igneous action in the one case than in the other, the 
sandstones of one exposure will contain numerous beds of quartzite and 
those of another none.’ 

Professor Newton then goes one important step further, and plainly 
indicates what appears to be the only entirely satisfactory explanation of 
the interbedded quartzite, as follows: It is due to the gradual segregation, 
through the ordinary slight changes of temperature and pressure, of the 
soluble silica which, in the form of diatoms, sponge spicules, etc., was an 
original constituent of the formation, the layers of siliceous cement grow- 
ing somewhat after the manner of layers and nodules of flint and chert. 
These microscopic siliceous organisms occur most abundantly in chalk and 


1U.S. Geol. Survey, Bulletin No. 8, 1884, by R. D. Irving and C. R. Van Hise. 
2 Geology and Resources of the Black Hills of Dakota, pp. 92, 93. 
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other forms of limestone ; and Newton’s view of the origin of the interbed- 
ded quartzite derives additional support from the fact that the Potsdam 
sandstone of the Black Hills is often distinctly calcareous. There appears 
to be no good reason for regarding the basal quartzite as essentially differ- 
ent in either character or origin from the interbedded quartzite. It has 
been convenient to refer to them separately, simply because the evidence 
of a non-igneous origin is less conclusive for the basal than for the inter- 
bedded quartzite. 

The Potsdam quartzites of the Black Hills thus fall naturally into two 
classes. (1) The quartzites associated with, and almost co-extensive 
with, the igneous rocks. These may be regarded as representing the 
metamorphism of the sandstone by the thermal and alkaline waters accom- 
panying and following the intrusion of the volcanic materials. The 
cementing silica has probably been derived partly from the original 
organic siliceous constituents of the sandstone, but very largely, also, from 
the decomposition of the volcanic rock itself. (2) The interbedded (and 
probably, alsg, the basal) quartzites occurring beyond the influence of the 
volcanic action, and in entirely undisturbed portions of the stratified 
series. 

A limited microscopic study of these two types of quartzite shows some 
structural differences. In the contact or igneous quartzites, as in the old 
Archzean quartzites, which are such a prominent feature in the geology 
and topography of the Hills, the grains are angular and fit accurately 
without visible interstices, the interstitial or cementing silica having, as 
has been so clearly shown by Irving, Van Hise,! and others, been depos- 
ited in optical or crystallographic continuity with the original grains of 
quartz, which are thus extended into accurately fitting and interlocking 
areas. Thin sections of the interbedded quartzite from Box Elder Creek, 
on the other hand, show rounded grains, essentially similar to those of the 
unaltered sandstone, and often coated with films of iron oxide, etc.; while 
the cementing silica, although partly in the form of minute, independently 
oriented crystalline grains, is chiefly chalcedonic or hyaline. It fills the 
insterstices between the grains as water would, and is not crystallograph- 
ically continuous with them. Irving and Van Hise have figured sections 
not unlike those afforded by the quartzites of Box Elder Creek.? The 
more extended observation of Caswell,? however, show that the interbed- 
ded and basal quartzites are usually, like the contact or metamorphic 
quartzites, cemented by vitreous silica in the form of secondary enlarge- 
ments of the original grains, each enlarged grain being, but for the inclosed 


1U. S. Geol. Survey, Bulletin No. 8, 1884. 
? Ibid. plate VI. 3 Geology and Resources of the Black Hills of Dakota. 
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foreign matter, optically uniform, angular, and accurately interlocking 
with the adjacent grains. 

That the segregation of the original organic and amorphous silica, under 
the normal conditions of an undisturbed sedimentary series, may yield a 
highly vitreous or crystalline form of quartz, is proved not only by the 
observations of Irving and Van Hise on the Potsdam and St. Peter’s sand- 
stones of Wisconsin, in which there seems to be no other sufficient source 
of soluble silica, but also, and more clearly, by the abundant and perfect 
crystallizations of quartz in flint, chert, geodes, and other siliceous segrega- 
tions. Nodules and layers of chert not only inclose crystalline druses, 
but the chert itself sometimes passes insensibly into granular, vitreous 
quartz, not easily distinguished from typical quartzite. Such cherts are 
described by Irving and Van Hise, and have been observed by the writer 
in the Silurian limestones of East Tennessee. 

That the twofold origin of the cementing silica indicated by the modes 
of occurrence of the Potsdam quartzites of the Black Hills is a general 
fact there can be but little doubt. The abundant deposition, in the form 
of mineral veins and siliceous tufa, by thermal and alkaline waters, of silica 
which must have been derived from the decomposition of alkaline silicates, 
shows that in the neighborhood of eruptive masses, and generally at con- 
siderable depths, silica having this hydrothermal or purely chemical] origin 
must often exist abundantly in the waters percolating through the arena- 
ceous rocks. On the other hand, it is a well-established fact that micro- 
scopic siliceous organisms — Diatoms, Radiolaria, etc.— exist in all parts 
of the sea, and in nearly all natural waters ; and consequently they must 
form a part of nearly every kind of sediment. The supposition, therefore, 
seems warranted that, even in the arenaceous rocks, this minutely divided, 
soluble, organic silica must sometimes be sufficiently abundant to explain, 
by its solution and re-deposition, their conversion into quartzite As 
already stated, this explanation of the siliceous induration of sandstones 
appears to be peculiarly applicable to interbedded and isolated quartzites 
in undisturbed formations, remote from volcanic sources; and we may 
suppose that in sandstones which have not experienced the quartzite 
alteration the organic silica occurs so sparingly as not to form a saturated 
solution with the interstitial water, except near the surface, where evapo- 
ration lends its aid to the formation of the quartzite crusts described by 
Irving and Van Hise. 

It will, I think, be generally conceded that this principle of classifica- 
tion according to the source of the silica may be properly extended from 
the cement of the quartzite to the various more concrete forms of segre- 
gated silica,such as the nodules, geodes, veins, druses, incrustations, etc. 
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of flint, chert, chalcedony, agate, jasper and the many other and more 
crystalline forms of quartz. When these are associated with eruptive or 
metamorphic rocks, and, more generally, when they occur under condi- 
tions which indicate that the silica has been derived directly from the de- 
composition of silicates by thermal or acidulated waters, as in the case of 
the great majority of the veins, pockets, and incrustations of crystalline 
quartz, chalcedony, agate, jasper, etc., they are evidently connected 
in origin with the contact or metamorphic quartzites ; while the nodules, 
geodes, etc. of flint, chert and other kinds of silica observed in unaltered 
sediments, and especially in calcareous strata, are clearly related in origin 
to the interbedded quartzites. 

It is not my purpose to discuss any further at this time the origin and 
relations of the contact or metamorphic quartzites, or of what may be 
called the purely chemical segregations of silica. Nor does it appear nec- 
essary to my main object to consider in detail the mode of formation of the 
segregated forms of silica observed in calcareous and other undisturbed 
sedimentary strata. Few of the minor problems of geology have received 
more attention at the hands of both geologists and mineralogists than the 
origin of the nodules and other forms of flint, chert, etc. ; and it would be 
sufficient, so far as the relations of these segregations to the interbedded 
quartzites are concerned, to simply follow Geikie and other standard 
authors in attributing them to the solution and redeposition of the widely 
and abundantly distributed organic silica. A still recent contribution to 
this subject by Prof. W. J. Sollas! is, however, so able and comprehensive, 
that we may, perhaps, profitably digress long enough to notice some of his 
more important conclusions, and to follow up one or two suggestions to 
which they give rise. 

The investigations of Professor Sollas have led him to regard the or- 
ganic origin of the silica as an almost self-evident truth. The ready sol- 
ubility of the siliceous organisms under natural conditions has been placed 
beyond reasonable doubt by numberless observations. Professor Sollas 
considers that we have still much to learn concerning the precise nature 
of the solvent. This is probably not always the same; and he makes 
the fertile suggestion that, while the conditions must often be favorable 
for the action of the humic acids and the albuminoid or glairy substances to 
which Julien attaches so much importance, it is probable that the organisms 
are often dissolved by the water alone, in the depths of the sea and in 
deeply buried sediments, where its solvent power is augmented by 
pressure. 

1QOn the Flint Nodules of the Trimmingham Chalk, by Prof. W.J. Sollas, Annals Nat. 
Hist., 7880, pp. 384-395; 437-461. 
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In attributing the solution of the siliceous organisms and the re-depo- 
sition of the silica to the slight oscillations of the chemical and physical 
conditions which must always be in progress, we are not in effect saying 
that the same portion of silica may be dissolved and redeposited many 
times in succession. Professor Sollas very properly emphasizes the plain 
fact that the silica which passes into solution is a very different thing from 
that which has passed out of solution. He calls the one organic, and the 
other mineral silica. The two forms are strongly contrasted in their solu- 
bilities, as well as in other chemical and physical characters; and hence 
segregation in this case means a solution of soluble organic silica and a 
deposition of insoluble mineral silica, and not a solution and deposition of 
the same kind of silica. In this connection he points out that the dissolved 
silica is deposited not only in the relatively insoluble forms of flint, chert, 
chalcedony, etc., but also in the almost absolutely insoluble form of crys- 
talline quartz, as in geodes, etc., and in the perfect microscopic crystals 
disseminated in vast numbers through various forms of limestone. These 
microscopic crystals undoubtedly represent the independently oriented 
crystallizations of the cementing silica in quartzites. 

One of the most important and interesting facts observed in connection 
with the siliceous segregations in sedimentary rocks, is the very common 
occurrence of the segregated silica as a pseudomorph after calcium carbon- 
ate. The power of a dilute solution of colloid silica to replace calcium 
carbonate has been experimentally demonstrated by Prof. A. C. Church,! 
who has actually converted a coral into silica by this means. The ordinary 
solid nodules of flint and chert present a fairly clear case of this pseudo- 
morphism, since we can rarely doubt that room has been made for the seg- 
regating silica by a concomitant solution of the imbedding chalk or limestone. 
The evidence is much stronger, however, with silicified fossils ; and the 
abundance in many limestones of shells, crinoids, corals, etc. which have 
been replaced by silica shows that calcium carbonate which still retains 
the organic form and structure is peculiarly liable to this replacement. It 
is doubtful if the substitution is usually so perfect, so nearly molecule for 
molecule, as in silicified wood. This is especially obvious in the geodes 
and similar forms, in which the silica only partially fills the space which 
must have been previously occupied by calcium carbonate. It is plain in 
such cases that the solution of the calcium carbonate proceeded more 
rapidly than, if it did not entirely precede, the deposition of the silica in 
the solid form. There could scarcely be a more instructive illustration 
than is afforded by the chalcedonized coral occurring in the Tertiary beds 
of Tampa Bay, Florida. 


1 Chemical News, V., 95; Jour. Chem. Soc., XV., 107. 





404 W. O. Crosby. [May 


These interesting specimens, as all mineralogists know, are usually thin, 
hollow shells or geodes of translucent chalcedony, which are generally 
handsomely botryoidal, although occasionally finely crystalline or drusy, 
on the inner surface, while preserving the form of the coral very perfectly 
externally. As the inner, botryoidal surface suggests, the chalcedony has 
been deposited in layers parallel with the uneven exterior; and it is itself 
devoid of organic structure. The history of these geodes, which are 
externally but silicified casts of the corals, has evidently been something 
like this: The masses of coral, after becoming imbedded in a stratum of 
marl, were completely removed by solution before the deposition of 
silica in the solid form began in the molds thus formed. Accepting the 
view of Professor Sollas that the silica has been an active and necessary 
agent in bringing about the solution of the coral, we can scarcely escape 
the conclusion that the segregation of the silica was contemporaneous with 
the process of solution. This involves the further conclusion that during 
the solution of the coral the solution of the associated siliceous organisms 
was also taking place ; and this dissolved silica was steadily accumulating, 
probably in a pectous or gelatinous condition, in the molds left by the 
coral. Subsequently the silica, commencing externally, gradually passed 
from the pectous to the solid state, the last portions to solidify forming the 
inner surface of the geode, and very often assuming a crystalline form. 

We have here, perhaps, a glimpse, at least, of the secret of the geode; 
and can almost grasp the explanation of the fact that some siliceous segre- 
gations are solid and others hollow. Nodules of flint and chert, and the 
ordinary geodes of limestone strata, alike represent the gradual replace- 
ment of globular masses of limestone or chalk by equivalent portions of 
pectous silica. The main point of difference is, that in the solid segrega- 
tions the silica passed from the pectous to the solid form as fast as it 
accumulated, and the nodules grew from the centre outward ; while in the 
hollow segregations the solidification of the silica did not, for some unde- 
termined cause, begin until the replacement was complete,— 7. ¢., until all 
the available organic silica had been dissolved, concentrated through its 
tendency to replace calcium carbonate, and thus reduced to the pectous 
state, and the geodes, consequently, grew from the circumference inward. 

A precisely similar contrast may be traced between the ordinary silici- 
fied fossils and the silicified coral of Tampa Bay; the replaced calcium 
carbonate being in both cases in the form of entire organisms instead of 
massive limestone (fragmental organisms), and the solidification of the 
replacing silica being contemporaneous in one case and subsequent in the 
other. The water with which the unbroken coralline geodes of Florida 
are often partially filled may, apparently, be usually regarded as the water 
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that would necessarily be excluded and left behind during the passage of 
the silica from the pectous to the solid or crystalline state. 

Returning now jo the further consideration of the relations between 
these various forms of siliceous concretions and the interbedded quartzite, 
and accepting the postulate that the cementing silica of the latter shares 
the organic origin of the segregating silica of the former, we have first to 
notice the normal distribution of the organic silica in different classes of 
sediments. Recent investigations have shown that such pelagic siliceous 
organisms as the Diatomacea and Radiolaria inhabit the surface waters of 
nearly all parts of the ocean. On the death of the organisms, their tests 
or hard parts slowly sink through the still waters; and the examination of 
the various kinds of marine sediments now in process of formation has 
shown that this quiet rain of organic silica is falling upon the ocean 
floor in all latitudes, and alike in the deepest and the shallowest parts of 
the sea, over the marginal zones of rapid deposit, as well as over the abyssal 
areas where deposition is almost at a stand-still. 

The organic silica is naturally a much more conspicuous feature of the 
deep sea oozes and clays, which are accumulating with extreme slowness, 
than of the terrigenous sediments, which are being spread with comparative 


rapidity over the shallower and more marginal portions of the sea floor. 
If, for example, the time required for the deposition of one inch of pure 


organic silica would permit the accumulation of one foot of deep-sea ooze 
and of one hundred feet of mechanical shore sediments, it is plain that while 
the inch of silica would form an appreciable and even important fraction 
of the former, it would be an entirely insignificant constituent of the latter, 
being diffused with inappreciable thinness through the great mass of land 
detritus. We are justified, therefore, in concluding that the organic silica 
must in general form a rapidly increasing proportion of marine deposits as 
we pass from the coarse gravels and sands of the shore lines across the 
finer sands and clays of the marginal zone to the purely calcareous sedi- 
ments, the organic oozes, and the red clay of the abyssal areas. Assum- 
ing a uniform distribution of the siliceous organisms along a line from the 
shore seaward, and it is obvious that their conspicuousness will be in- 
versely proportional to the rate of deposit of the associated sediments. 
Subsequently to its deposition, the organic silica, as already indicated, 
passes largely into solution, and under favorable conditions is redeposited 
in a more insoluble form. We seem at liberty to suppose that the solu- 
tion and segregation of the silica often follows closely upon its deposition ; 
but in other cases it is certain that it remains undissolved for. considerable 
periods of geological time. Thus, this important change has not yet 
occurred to any appreciable or important extent in the great bed of dia- 
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tomaceous earth or tripolite which is such a prominent feature of the 
Miocene Tertiary of Virginia and Maryland. 

The dissolved and redeposited silica takes the fam of concretions, 
geodes, etc., or, when very abundant, of more or less continuous layers of 
flint, chalcedony, etc., in calcareous sediments, and of quartzite in arena- 
ceous or mechanical siliceous sediments. The interbedded character of 
quartzites formed in this way, and the fact that they are often entirely 
wanting in extensive series of mechanical sediments covering wide areas, 
is readily explained, as already pointed out, by supposing that the original 
organic silica was insufficient to form a saturated solution with the inter- 
stitial waters. Thus in the Appalachian region, where the coarse, 
mechanical, Paleozoic sediments have a vast thickness and volume, and 
were evidently deposited so rapidly that the organic silica could never 
have formed more than an infinitesimal fraction of the whole, interbedded 
quartzites occur but rarely if at all; while in other regions, like the Black 
Hills, the Rocky Mountains, Wisconsin, etc., the Paleozoic, and especially 
the Potsdam, sediments, although often arenaceous, afford evidence in their 
fineness, uniformity, frequently calcareous or glauconitic character, and in 
their distances from the ancient shore lines, or from any abundant source 
of detritus, that they have been formed so slowly that organic silica may 
be regarded as a prominent original feature; and the arenaceous beds 
often exhibit the quartzitic alteration due to the segregation of this soluble 
silica. The non-metamorphic or interbedded quartzites are thus an indi- 
cation of slow deposition, —of the formation of sandstones under physical 
conditions which, when life is more abundant, yield limestones. 

The question arises at this point as to why the product of the segre- 
gation of the organic silica is chiefly quartzite in arenaceous sediments, 
and concretions of chert, etc. in calcareous sediments. The answer is, 
probably, to be found mainly in the selective action of the segregating sil- 
ica,-—in its innate tendency to deposit upon particles or surfaces of its own 
nature. Remembering that the redeposited silica is insoluble quartz in- 
stead of soluble opal, and it will be seen that in an ordinary quartzose 
sandstone every grain of sand is of like nature with the segregating silica, 
and affords a favorable centre or nucleus for its deposition. Hence, as 
Irving and Van Hise have shown, when the process of segregation is not 
too rapid, the secondary enlargement of the grains, in the attempt to re- 
produce the missing portions of the original crystals, is the natural result. 
The organic silica thus appears almost as completely dispersed after as 
before its segregation. We cannot, however, doubt that the interbedded 
layers of quartzite usually represent a considerable concentration of silica; 
and that the layers, like solid concretions, grow from the middle line out- 





1888, ] Mineralogical Notes. 407 


ward, by drawing in silica from the overlying and underlying portions of 
the sandstone. In calcareous sediments, on the other hand, the really 
favorable centres of segregation must usually be few and remote. Conse- 
quently larger volumes of sediment, and of sediment much richer in soluble 
silica, are tributary to the individual centres ; and isolated concretions and 
geodes of sensible or large size are gradually developed. 





MINERALOGICAL NOTES. 
VESUVIANITE FROM NEWBURY, MASS. 


BY W. O. CROSBY AND JAMES T. GREELEY. 


THROUGH the kindness of Mr. J. H. Sears, we have received several 
specimens of a massive, brown mineral from the old lime quarries in New- 
bury known as the Devil’s Den and the Devil’s Basin. It is quite mass- 
ive, the crystallization being indicated only by obscure cleavage planes. 
The hardness is not above that of orthoclase; and the specific gravity, 
which was kindly determined by Mr. T. T. Bouvé, is about 3.55, the 
determinations varying from 3.52 to 3.60. The lustre is imperfectly 


vitreous, and the color is the usual brown of vesuvianite. It fuses quite 
readily, and with intumescence, to a brownish glass. What appeared to 
be the purest and most homogeneous specimen, was analyzed by Mr. 
Greeley, with the following result : — 


Si O, 35-93 44 
Al, O; 14.77 ; 36 
FeO 8.91 ; trace 
Ca O 39.46 3, trace 
Mg O 13 not determined 


100.00 
An error of — .44 was proportionally distributed. It was probably due in 
part to water and the reagents, but mainly to the undetermined carbon 
dioxide. Calcite (and probably siderite) in the form of slight veins and 
threads, is present as a visible impurity in all the specimens; and it was 
found impracticable to obtain a sample wholly free from them. This ex- 
plains the high percentage of lime as well as the carbon dioxide. The 
analysis agrees almost equally well with the lime-alumina garnet (grossu- 
larite); and this is, probably, the massive garnet mentioned by Dana as 
occurring in Newbury. The physical characters, however, as well as the 
mode of occurrence, ally it more closely with vesuvianite, which has not 
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heretofore been found in eastern Massachusetts. The chief associated 
minerals, besides the crystalline calcite or limestone, are serpentine and 
chrysotile, dolomite and bladed wollastonite. The largest and most typical 
specimen shows a vein two inches and a half wide, between walls of lime- 
stone or dolomite, in which two equal layers of green serpentine are sep- 
arated by a very distinct and regular layer, one and one-fourth inches 
wide, of the compact vesuvianite, forming the middle of the vein. A 
thin section, under the microscope, exhibits the very feeble double refrac- 
tion of vesuvianite, and innumerable minute veins of calcite. 


GAHNITE, OR ZINC-SPINEL, FROM ROWE, MASS. 
BY W. 0. CROSBY AND CHARLES L. BROWN. 


WHILE examining a lot of the massive pyrite from the great vein of this 
mineral in Rowe, attention was attracted to some hard, black crystals from 
one fourth to one half inch or more in diameter. The crystals are iso- 
metric ; and several fairly-perfect examples were obtained, which show 
that they differ somewhat in the development of the planes. One speci- 
men is a simple octahedron, while another nearly perfect crystal is a com- 
bination of two tetrahedrons slightly modified by the rhombic dodecahe- 
dron. Indistinct traces of octahedral cleavage were observed in broken 
specimens, Hardness, about 7.5; scratches both quartz and tourmaline. 
Specific gravity, determined by Mr. Bouvé, 4.54. Lustre, vitreous ; color, 
black and streak gray, agreeing exactly in these properties with black 
tourmaline. A pure sample was analyzed by Mr. Brown, with the follow- 
ing result : — 


Al, O, + Fe, O; . ; ’ ‘ ; ' 58.05 

mao... : ‘ : . ; : 35.91 

Insoluble residue ; ‘ : ‘ 1.49 

95-45 
Since the object of the analysis was simply to identify the mineral, no 
attempt was made to determine all the constituents. A comparison of 
this mineral with the different varieties of gahnite shows that while the 
physical properties and especially the pure black color appear to ally it 
with the kreittonnite of Bavaria, the composition, and particularly the high 
proportion of zinc oxide, relate it more nearly to the automolite of Frank- 
lin, N. J. The immediately associated minerals at the mine in Rowe, 

besides the granular pyrite, are chalcopyrite, sphalerite and quartz. 
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THE PROPER METHOD OF COMPARING THE COST OF 
CHILLED-IRON AND STEEL-TIRED CAR WHEELS. 


BY GEO. F. SWAIN, S.B. 


follow — is frequently called upon to consider and decide upon the 

relative economy of different classes of structures, appliances, or 

machines for accomplishing the same ends. Some of these may be 
much cheaper than others in first cost, but their life may be shorter, or 
the annual expense of maintaining them greater ; and it not infrequently 
is a question of some complexity to determine properly which is, in the 
end, the most economical. 


[i engineer — no matter what branch of the profession he may 


In deciding, for instance, upon the type of pumping engine to use in 
works of water supply, it is generally necessary to compare pumping en- 
gines giving different duties, and differing in first cost. In planning 
bridges or viaducts, the question is between a stone arch, costing a 
large sum but requiring little or no expense for maintenance; an iron 
bridge, costing much less, but liable to wear out or to be outgrown by 
the rapid increase in weight of rolling stock, and requiring some annual 
outlay for repairs and maintenance; and a temporary wooden bridge or 
timber trestle,— cheap, but short lived, and requiring constant atten- 
tion. Again, in comparing chilled-iron with steel-tired car wheels, the 
same form of question appears, and the engineer will readily call to 
mind numerous cases where the same class of reasoning has to be made 
use of. 

Problems of this kind are not always attacked in the same way, and 
erroneous conclusions are not infrequently met with, due to a neglect 
of some of the essential elements of the problem. Sometimes, as will 
presently be illustrated, we see two structures compared by simply 
finding the cost of the number of each necessary to last a given time; 
this being erroneous, because, among others, the question of interest is 
not considered. Sometimes we see two machines compared by finding 
for each the first cost plus the capitalized cost of maintenance; this 
being not strictly correct even when the machines have the same life, 
and are worth the same sum when worn out. 

The object of this paper is to indicate what seems to the writer the 
proper method of viewing such questions, supposing the necessary data 
to be at hand, and to illustrate its application to the question of car wheels. 
It must not be supposed, however, that anything will replace a sound 
and far-seeing judgment. A completely correct solution of any problem 
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of this kind is complicated by a great variety of circumstances. The 
cost of materials of construction, of coal, of maintenance, is subject to 
variation ; the rate of interest fluctuates, and the life of few structures 
or machines can be stated with absolute certainty. To the far-seeing 
mind, circumstances entirely aside from cost will sometimes, if not in 
the majority of cases, fix the class of structure to be adopted. Such 
considerations as the fact that rapid improvements in some branch of 
industry bid fair to lead to great economy in the manufacture of certain 
machines or implements; or the fact that possible changes in the loca- 
tion of a line of railroad may be found necessary or advantageous,— 
such considerations as these in many cases at once determine the class 
of structure to be adopted. Then again, the matter of cost is only one 
of the questions to be considered in determining upon any structure, 
and matters of safety, convenience, or time, may of themselves require 
a structure of a particular kind. Nevertheless, the question of cost 
should not be left out of consideration, and in discussing matters of this 
kind every possible aid to a proper judgment should be invoked. With 
this in view, the following reasoning may throw some light on the 
subject. 

The problem, in its most general form, may be considered to be this: 
a certain structure or machine costs A dollars, it requires the expendi- 
ture of B dollars for repairs at intervals of s years, it will last for 
years, and when worn out it may be sold for D dollars. A second structure 
or machine for accomplishing the same object costs A, dollars, requires 
the expenditure of B, dollars for repairs every s, years, lasts for , years, 
and is worth D, dollars when worn out. Which of these will be more 
economical, as a permanent thing, the rate of interest being 7, payable 
semi-annually ? 

To answer this question we must compute the amount of present cap- 
ital sufficient to provide permanently for each of these structures, and 
the one which requires the smaller capital will be the more economical. 
Or we are enabled to find, by the same method, what the cost A, of a 
(perhaps new) appliance must be, in order that it may be more eco- 
nomical than a similar appliance in use, under various suppositions as to 
the life, cost of maintenance, etc. 

The present capital required for any structure will be made up of 
three parts. 

Ist. A, the cost of the structure. 

2d. A sum which, put at interest at 7 per cent, will increase in s 
years, by the amount B. This sum may easily be shown to be 
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r being expressed as a proper fraction (r=, if the rate is 6 per cent). 
3d. A sum which, put at interest at 7 per cent, will amount, in # 
years, to itself plus (A— D); since at the expiration of the ~ years, the 
worn-out structure being sold for D dollars, there will result a sum 
sufficient to again expend A for a new structure, and have the original 
sum remaining, which in another x” years will amount to sufficient to 
purchase a third structure, and so on indefinitely. This sum is 


A—D 
it ent] 


The total present capital involved in the use of any structure is there- 
fore 








ee B , A=D 


St ie i p 
(Spay (+ Se—1] 


In certain casés the formula is simplified. Thus if D is so small as to 
be practically zero in comparison with the first cost of a new structure, 
and if B is the uniform annual cost of maintenance (supposed payable 
semi-annually) as in the case of a pumping engine, we have 


(1 + 1] 





sien : : re 
which in 4 is the first cost of the structure or machine, and — is the 
F 


capitalized cost of maintenance. This result shows that it is not strictly 
correct, in comparing, as a permanent investment, let us say, two pump- 
ing engines which may be supposed of equal durability, to compare 
simply the first cost plus the capitalized cost of operation, since this 
omits the last term in the above formula. This term, however, when 
becomes large, rapidly decreases, and in many cases may well be neg- 
lected. 


The following table gives values of the quantity 
A= : 
[(t +5)"—1) 


for different rates of interest and different values of ». From the table 
the coefficient of B and of A—D in the above formula may be taken out. 
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TABLE GIVING VALUES OF X FOR DIFFERENT RATES OF INTEREST. 





3 per cent. 4 per cent. 5 per ceat. 6 per cent. 
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As an example in the use of this table, we will consider the economy 
of chilled-iron as compared with steel-tired car wheels, under different 
suppositions as to life and first cost. This problem is a very simple one, 
yet in discussing it erroneous figures and conclusions are the rule rather 
than the exception. 

One method, sometimes used by wheel manufacturers and others in 
comparing these different kinds of wheels, may be illustrated as follows: 
Suppose that a chilled-iron wheel costs $10 and a steel-tired wheel $50, 
but that the latter will last as long as ten of the former. Then we have 
ten wheels at $10, or $100, as against one wheel at $50,—or “a saving of 
$50 in favor of the steel-tired wheel.” Clearly, this method of compar- 
ison is entirely incorrect, neglecting as it does the question of interest. 
If one steel-tired wheel lasted only as long as five chilled-iron wheels, this 
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method would give the same economy for both; whereas it is evidently 
cheaper to pay $10 yearly than to commence by paying $50, continuing 
the same payment once in five years. Then, again, the scrap value of 
the wheels is neglected by this method. 

A second method, very commonly used by engineers in other compari- 
sons, is to compare the first cost plus the capitalized cost of maintenance. 
Thus, supposing that one structure costs $100 and will last five years at an 
annual expense of $5, then this annual expense at 5 per cent is the inter- 
est on $100, which, added to the first cost, gives a total of $200. If, 
now, another structure costs $60 and will also last five years at an 
annual cost of $7, the sum obtained is $200, as before, so that accord- 
ing to this method of calculation, the two structures would be equally 
economical. But it will be evident that in the first case we should be 
paying $100 down and $5 a year for five years, or, in all, $125 in five 
years, while in the second case we should be paying $60 down and $7 
a year for five years, or in all, $95 in five years. The second structure 
is, therefore, in reality much more economical than the first, and the 
method of computation is shown to be fallacious. It is, in fact, only 
correct when the duration of each of the structures compared is in- 
finite, as already remarked. 

The problem becomes still more complicated when we come to con- 
sider the effect of the sum which can be obtained for the worn-out 
wheel; yet even in taking account of this, one or the other of the 
methods indicated above is generally used. Thus, according to the first 
method, we may figure the first cost plus the cost of all repairs or altera- 
tions made during the life of the wheel, and then deduct its scrap value. 
This, however, will of course be again incorrect by reason of the neglect 
to consider the question of interest. 

The question is sometimes, though rarely, discussed correctly, although 
by a method somewhat different from that proposed in this paper, as fol- 
lows: suppose that a steel-tired wheel costs $50, and requires the expend- 
iture of $2 every two years, until at the expiration of ten years it is worn 
out, and is sold as scrap for $10. Find now the sum which $50 would 
amount to in ten years, at the assumed or current rate of interest; also 
what $2 would amount to in eight years, plus what a second $2 would 
amount to in six years, a third in four, and a fourth in two years; from 
this total sum deduct the scrap value of the wheel, and the remainder 
will represent the total cost of that wheel, with interest ; and this can 
be directly compared with the cost of another wheel, for the same length 
of time. This method is used by some railroads in studying the compar- 
ative economy of different kinds of wheels. It is, however, not so easy 
in its application as the one herein proposed. 





414 Geo. F. Swain. [May 


For purposes of illustration, let us now start with some figures regard- 
ing the cost and mileage of chilled-iron wheels. These wheels cost 
from seven or eight up to thirteen or fourteen dollars each. They give 
a mileage which varies very greatly according to the quality of the 
wheel and the character of the service put upon it. Under passenger 
equipment it is claimed, on the one hand, that wheels of good quality 
will not give a mileage of over 30,000 miles; while, on the other hand, 
some claim that wheels of this kind have been known to run 400,000 
miles. Under freight equipment the mileage should be somewhat 
greater than under passenger equipment, since the wheels are not so 
apt to be worn flat by sliding, caused by the application of the brakes, 
and since it is not so important that a wheel should be perfect. Again, 
the actual mileage of a wheel is not what is required in making a com- 
parison of this sort,—it is the /ength of time the wheels last, which 
will depend upon the average daily mileage of the cars. This, also, 
varies greatly according to the circumstances of the case, such as 
whether the wheels are used for local traffic, making frequent stops, or 
whether they are run on through express trains for long distances, etc. 

Let us assume, now, two classes of chilled-iron wheels, viz.:— 


. Cost $10 (= A). 
Value of scrap, $5 (= D). 


Average mileage, 30,000 miles, or say one year, at about eighty miles 
a day. 
Cost of removing old wheel and fitting new one, $1. 


II. Cost of wheel, $12.50 (= A). 
Value of scrap, $6 (= D). 
Mileage, 60,000 miles, or say 2 years. 
Cost of removing and fitting, $1.00. 


Now by the use of the table it will be found that the capital necessary 
to furnish forever one of these wheels is, at 4 per cent interest : — 


For Class _ I., $159 50. 
For Class II., $104.50. 


Let us now compare these with several classes of steel-tired wheels, 
by finding how much could be paid for such steel-tired wheels to make 
them equally economical with the chilled-iron wheels; that is, using 
the same capital in both cases. We will consider the following four 
categories of steel-tired wheels : — 

(a) A wheel which is not to be re-tired, but in which the wheel and 
tire are welded together, so that when the tire is worn out the wheel 
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must be replaced. We suppose that the mileage of such a wheel is 
240,000 miles, but that after each 60,000 miles the tire must be turned 
down and made true, at a cost of $1, which is a very low figure. The 
worn-out wheel will be worth about $10. We therefore have in our 
formula, B= $1; s=2; D= $10; n= 8,—supposing 30,000 miles 
to be traveled in a year. 

(4) Asa second class, take a wheel of the same kind, but which runs 
120,000 miles to a turning, or 480,000 miles in all. In this case we 

= 34 

(c) Asa third class, take a wheel whose centre is indestructible, but 
whose tire is to be renewed at intervals. Suppose it bears 4 turnings 
at 60,000 miles each, or 240,000 miles in all, equivalent to 8 years. 


Cost of turning, $1 every 2 years. 
Cost of re-tiring, $30 every 8 years. 


Here we have, B= $1; s=2; D= 29 (since we have already allowed 
$1 every two years); = 8. 

(d) Finally, suppose a wheel to be re-tired; centre indestructible ; 
§ turnings at 90,000 miles, or three years’ service for each turning. 


Total mileage, 450,000 miles —15 years. 
Cost of turning, $1 every 3 years. 
Cost of re-tiring, $50 every 15 years. 


The following table gives approximately the price which could be 
paid for steel-tired wheels of the four classes, to make them equally 
economical with the cast-iron wheels, interest being reckoned at four 
per cent: — 


| Crass or Cast-1ROoN WHEEL. 


| CLass oF STEEL-TIRED WHEEL. 








A further study of this question will show very clearly that small 
differences in the assumed data will make very considerable differences 
in the results obtained. For instance, we have taken the cost of turn- 
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ing a steel-tired wheel at $1. Probably in the majority of cases it costs 
more, and in many cases double or treble that amount. If we suppose, 
now, with wheels of class a, that the cost of turning is $2.50 instead of 
$1, we shall obtain, for the price which could be paid for them, $42 and 
$27, instead of $47 and $32 respectively. The results obtained by tak- 
ing $1 as the cost of turning are, of course, in favor of the steel-tired 
wheels, and from the table some general conclusions may be drawn. 

In the first place, since the cost of steel-tired wheels is generally 
above $50, it is clear that a cast-iron wheel of class 2, z. e., one which, 
costing $12.50, would last for a period of two years, would be consider- 
ably more economical than any of the steel-tired wheels considered, 
excepting those of class 4, of which the mileage is assumed to be 480,000. 
This average mileage, however, has not as yet been attained, the aver- 
age upon one road which uses them extensively being about 270,000 
miles. On the other hand, as already stated, while some excellent 
authorities claim that the mileage of good cast-iron wheels, under 
passenger traffic, will not exceed 30,000 miles on the average, other 
authorities state that it will run up to 50,000 or 60,000 miles. 

It cannot, therefore, be stated absolutely that cast-iron wheels are 
cheaper than steel-tired wheels, or the reverse. Some kinds of cast- 


iron wheels may be cheaper than some kinds of steel-tired wheels, and 
the reverse is also true. But while the element of cost is one which 
should of course be considered, there are other and more important 
ones affecting the choice of a wheel, such as safety and convenience. 
Clearly, the difference in cost is not such as to override these questions. 





PRESSURE OF SATURATED STEAM. 
BY C, H. PEABODY, S.B. 


N the preparation of notes on thermodynamics it appeared advisable 
| to calculate anew the constants for Regnault’s equations for saturated 
steam, using such refinement that a reinvestigation of the subject 
would not be required. In this article the data and calculations 
will be given at length, together with the reduction to the English 
system of units, and a calculation of the constants for equations giving 
the first differential co-efficient. 

The subject was taken for a graduation thesis by Mr. C. B. Appleton, 
of the Class of 1884; and again by Messrs. A. S. Garfield and E. L. 
Pierce, Jr., of the Class of 1885, who recalculated the constants for the 
equations, with results that do not differ widely from those given here. 
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As is well known, Regnault’s experiments consisted essentially in 
taking the boiling point of the vapor under different atmospheric pres- 
sures, the apparatus being so arranged that the pressure could be varied 
from a small fraction of an atmosphere to more than twenty atmospheres. 
The temperatures were taken with mercurial thermometers, and after 
the necessary corrections were applied and temperatures were reduced 
to the scale of the air thermometer, Regnault selected the results he 
deemed most trustworthy and plotted a series of points, and then drew 
a smooth curve to represent the whole series of experiments. He then 
selected points on the experimental curve at regular intervals, and with 
the co-ordinates of these points as data he calculated the constants of 
empirical formulz to be used in calculating tables. 

The formula he selected had the form 


log p= a + bu" + cin, (1) 


in which # is the pressure, and # is the temperature minus the constant 


temperature ¢, of the lowest limit of the range of temperature to which 
the formula applies; 7. ¢., 


n—=t—t). 


Let the points through which the curve represented by the equation 


is to pass be (Py; 4), (Py 41)» (Do 42) (Py 43), and (py 44), so chosen 
that 


ty — 4) SH 4 hE Hg — EH hy 


“ 4—h= 2(t, — ty), (3 —%)=3 (43 —%), (44—4)=4(2, — by). 


Substituting the five known values of # and ¢ in equation (1), 


log py) = a + bu ~e ] 
log p, =at bali—o + cfi—o 

log p, =a+ ba®(ti—to) a cPi—o) 
log ?,=a+ bak (i—to) 4 cartti—to) | 
log p, =a + bakl(a—o) 4. ¢a(a—o) J 


(2) 


Now subtract each equation, member for member, from the one below 
it, and for convenience let 


log p, — log J) = J etC., ati—to = mM, fti—t = 1H. 
'. Jo (m — 1)b4+(" —1)e 
I, = (m2? —m)b+ (nv? —2n Je 
Iq = (m3 — m*) b+ (0? — n*)c 
I= (m* — m®) b +- (nt — n°) ¢ 
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Solving the several equations for c and equating the values, 


Yo—(m—1)b_ ,—(m*—m)b 


n—I nu2—n 





= J. —(mP—m*) bo _ b  ¥:— (m* — m*) b 
n® — 1? n*t—n? 





Again solving for 6 and equating the values and reducing, 


Fh nh tes 
n—m (n—m)m (n—m)m 


*. mn ny, — my, = Mn, — MY, = NV, — Iz 
- MNY, — My, = NY, —Je ie — yg = Og Te 
(m + 2) Jy Iq _ (m + ®) Jn — 
Vo Bo 


°. mn — 


(5) 
Fits mes 

m+-n= of (6 

+ IP—IyIe ) 


mn =22. BH My — VN. (7) 
I~ —IoIn 


Equations (6) and (7) enable us to calculate numerically the values 


of Mand WM from the five given values of logy. Then solving for m 


Solving one of the equations (4) for 4, 


en = Ny — I 


n (m—t1) — (m2 — m)— (m—1)(n—m) 
Again, solving the first equation of (3) for c, 
Pi ST | 
o 1 —nm = JW—M) 
n—I (~—1) (x»—m) 
From the first equation of (2), 
a= logp,— b—«e. 
1 


od 





Finally, a= m1 — 
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In the Mémoires de L’ Institute de France, Tome XXI., Regnault gives 
the following data: — 
Temperature 
Degrees Centigrade. 


Pressure 
mm. of Mercury. 
t) = 100 Py= 760.00 
t, == 190 fi = 2030.0 
i, = 160 po= 4651.6 
ts = 190 pP3= 9426. 
é, = 230 Ps = 17390. 
From Vega’s tables, 
log pp) = 2.8808135923 
log p, = 3-3074960379 
log p. = 3.6676023618 
log Ps = 3-9743274354 
log p, = 4.2402995820 
Consequently, 
I = 0.4266824456 
J = 0.3601063239 
Jo, = 0.3067250736 
3 = 0.2659721466 
I} Jq = 0.11045 363870205 293904 
Io Wz = 9.11348564597276972496 
I1° = 0.12967656451277171121 
Io Jz = 9.1308742045 3048799616 
I? = 0.09408027077292 5 39670 
I V3 = 0.09577825 197191788374 
ee Ps mer 
m-+-n= ¥2—S Ie 
cian 2: a N 
It FOS 
M? = 6.4092598391771 119149 
N= 0.1845423621231717644 


= M = 2.5316516030404167591 


mn — 


= 1.4177725976711062143 


M 1 
(GN)? 04295839407 


M2 i t) — ty 30 
m=>— (7 —W)t=« =x = 0.8362418608 


M MM i B, —=t i 
=F +(4 oe jae = * = 1.6954097422 
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log «®° = 9.9223319038—10 
log 3° = 0.2292746734 
log « =9.99741106346—10 
log 7 = 0.007642489113 
NY, = 0.7234015751 
(m— 1) (" — m)= 0.1406957337 


_ 5 Fi — 
is, (m—1)(u—m) 2.5821 340985 


MY) = 0.3568097223 
(~—1) (1 —m) = 0.5974737149 


ee nu 
— (~—1) (1—m) ae Cees 175074 


a= log py —b —¢ = 5.4574301234 
Collecting the quantities we have 








C. For 100° — 220° C, 
log p = a — bun +- ci" 
n= t—100 
a = 5.4574301234 

log 6= 0.4119787931 
log ¢= 7.7417476470—I10 
log «= 9.99741 106346—I10 
log = 0.0076424891 13 


Considering that one place of decimals is necessarily lost in the appli- 
cation of the formula, these values must be considered satisfactory, as 
shown by the following table :— 


Temperature Pressure Logarithms of Pressure. 
Degrees Cent. mm. of Mercury. Vega’s Tables. By Formula. 


100 760.00 2.88081 35923 2.88081 3592 
130 2030.0 3.3074960379 3.307496036 
160 4651.6 3.6676023618 33667602359 
190 9426. 3-9743274354 3-974327428 
220 17390. 4.2402995820 4.240299575 


From Regnault’s memoires we have also : — 


Temperature Pressure 
Degrees Centigrade. mm. of Mercury. 


$==0 fo= 4.60 
t= 25 Pi= 23.55 
tg = 50 p,= 91.98 
t= 75 pz = 288.50 
t, = 100 ps = 760.00 
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From Vega’s tables :— 
log p) = 0.6627578317 
log £, = 1.3719909I115 
log p. = 1.9636934052 
log £, = 2.4601458175 
log p, = 2.8808135923 
Consequently :— 
Io = 0.7092330798 
I; = 9.5917024937 
Iz, = 0.49645 24123 
Iz, = 0.4206677748 
I z= 0.2937521 30359 
Io V3 = 0.298351501494 
9)? = 0.350111841050 
I Wa, = 9.352100473350 
I = 0.246464997678 
I; Vz = 0.2489101 71 368 


AF me... a 
m+n M = 2.3128313535 
- IY “F092 _e 


I? oes oe 
nh N= &29 60. 
WI Ny 95755004 
M*= 5.3491888697 
N= 1.3372972174 
M? ¥ 
( ; _w)i = 0.3282097759 
2 
eee: “3 am (= —v)t= = ul, —ty= a= 0,8282059009 
t 
=Oy a a Bt;—to== B%=1 4846254527 


log «® = 9.9181383205 
log 6% = 0.1716168981 
log 4 = 9.9967255 32820 — 10 
log 6 = 0.006864675924 
MY) = 1.052945822 
(m— 1) ("— m) = 0.4612429885 
RIGS simi 
b= -——— G1) @—m) 4.0901574574 
MY, = 0.5873910218 
(~—1) (w— m) = 0.3181176176 
¢ = 0.0135530749 
a=log p, —b —c = 4.7393622142 
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Collecting the quantities, 
B. For o° — 100° C, 
log p = a— b un +-¢ jn 
n= 
a = 4.7393622142 
log 6 = 0.6117400190 
log c = 8.1320378383 — 10 
log «= 9.9967255 32820 — 10 
log 4 = 0.006864675924 
This equation was calculated subsequently to the equation for 100° to 
220° C., and the work was not carried to so many places of decimals; still 
the values are sufficiently accurate, as shown by the following table :— 


Temperature Pressure Logarithms of Pressure. 
Degrees Cent. mm. of Mercury. Vega’s Tables. By Formula. 


fe) 4.60 0.6627578317 0.66275783 
25 23-55 1.3719909115 1.37199098 
50 91.98 1.9636934052 1.96369346 
75 288.50 2.4601458175 2.46014587 

100 760.00 2.8808 135923 2.88081 365 

Since the data are given in five places of significant figures, of which 
the last figure must be in doubt to one or two units, if not more, it 
appears that the work has been carried to a needless degree of refine- 
ment. The reason for carrying the work to such a degree was to make 
a future investigation unnecessary. 

For calculation the following equations are recommended. They 
give six places of significant figures, of which five may be retained in 
the results. 

Pressure of steam at Paris, French units. 

log p = a — ban-- cin 
B. For 0° to 100° C, 
nA=t 

a = 4.739362 
log 6 = 0.6117400 
log ¢c = 8.13204 — 10 
log « = 9.996725533 — 10 
log 4 = 0.0068647 

100° to 220° C. 

m—t—100 

a = 5.457430 
log 6 = 0.4119788 





Pressure of Saturated Steam. 


log c= 7.74175 — 10 
log « = 9.997411063 — 10 
log p = 0.0076425 
The standard thermometer may be considered to be ome having its 
boiling and freezing points determined under a pressure of 760 mm. 
of mercury at sea level and at the latitude of 45°. The equations 
just given may readily be transformed to give pressure at 45° latitude 
for temperature on the standard thermometer. The change, though 
small, is appreciable. 
The equation 
£ = 980.6056 — 2.5028 cos 24 — 0.000003% 
in which 2 is the latitute and % is the distance above sea level in centi- 
meters, gives for the acceleration due to gravity the following results in 
centimeters :— 
At Paris, 48° 50’ 14”, 60 meters above the sea, ¢g = 980.9218. 
At 45°, sea level, ¢ = 980.6056. 
Consequently 760 mm. of mercury at 45° will produce a pressure 
equal to that of 
980.6056 


980.9218 = 759-755 mm. 


of mercury at Paris. Either of the equations for steam at Paris gives 
for the pressure at 99° C, 759.73 mm. of mercury, and by interpolation 
the temperature corresponding to 759.755 mm. is 99.991° C. That is, 
one degree on the standard thermometer has 0.99991 of the length 
of the degree of a thermometer graduated at Paris. 

Again, the column of mercury at 45° latitude which gives a certain 
980.9218 
980.6056 
ing the same pressure. 

Consequently the equation for pressures of steam from 0° to 100° C, 
at latitude 45° becomes 

980.9218 


and the equation for pressures of steam at the same latitude from 100° 
to 220° becomes 


log ~=a-+ log 


pressure is times as high as a column of mercury at Paris giv- 


— b 0999911 4 ’ 


980.9218, (0.900010) (0-99991¢100) 
980.6056 + 8 
or, 


80.92 18 —9-009 0.99991 (¢—_100) — 0.009 0.99991/(—.100) 
] — 9 ne emma PY a ) 
gies 980.6056 ” +6 P 
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Reducing equations B and C at Paris by this method we have the fol- 
lowing 
Pressure of steam at 45° latitude French units. 
. log p = a — ban -- cpm 
B. For 0° to 100° C. 
A= 
@ = 4.739502 
log 6 = 0.6117400 
log c = 8.13204 —10 
log « = 9.996725828 — 10 
log 7 = 0.006864! 
100° to 220° C, 
”% = t—— 100 
@ = $.457570 
log 6 = 0.4120021 
log c= 7.74168 — 10 
log « = 9.997411296 — 10 
log # = 0.0076418 
To transform the above equations so as to give the pressure in pounds 
on the square inch for temperatures on the Fahrenheit scale, the follow- 
ing data are required ;: — 
Length of the meter in inches (Rogers), 39.3702. 
Weight of the kilogram in pounds (Miller), 2.20462125. 
Weight of one liter of mercury (Regnault), 13.5959. 
One degree F = & of one degree C. 


The pressure of one mm. of mercury in pounds on the square inch 
is 


13.5959 X 2.204621 
39.3702 =. 
Applying this to the preceding equations, 
log =a-+ log k— 5 ad” + epi” 

from which are derived the following equations, giving the pressure of 
saturated steam in pounds on the square inch for each degree Fahren- 
heit. 

Pressure of steam at 45° latitude, English units. 

log p = a — bu" + cp" 
B. For 32° to 212° F. 
n= t— 32 
a = 3.025908 








Pressure of Saturated Steam. 


log 6 = 0.6117400 

log c = 8.13204 — 10 

log «= 9.998181015 — 10 
log 6 = 0.00381 34 


212° — 428° F. 
u2=t— 212 
a = 3.743976 
log 6= 0.4120021 
log c = 7.74168 — 10 
log «= 9.998561831 — 10 
log 6 = 0.0042454 
Owing to the difficulty of determining the density of saturated steam 
by direct experiment, it is customary to calculate it by the equation 


I 
s= 47 B+e (13) 
at 


in which + is the latent heat of vaporization, A is the reciprocal of the 
mechanical equivalent of heat, Z is the temperature above the abso- 


: : ; ap. 
lute zero, and c is the volume of one unit of weight of water. ais tobe 
determined from the equations giving #, the specific pressure. 


Instead of the general equation 


log p= a+ bu" + ¢p" 


we may write 


I I I 
loge p= 474+ 57 be + Zac" 


in which & is the modulus of the common system of logarithms. 
ferentiating 


dp = I n hs 'e jn 
par m1? 18 ; + 776 loge 8 . P 
or reducing to common logarithms, 
1dp_ 1 3 " 


1.dp _ z . 
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Differential co-efficient ; French units. 


B. For 0° to 100° C., mm. of mercury. 
log A = 8.8512729 — 10 
log B = 6.69305 — 10 
log «= 9.996725828 — 10 
log 8 = 0.0068641 


100° to 220° C., mm. of mercury. 
log A = 8.5495158 — 10 
log B = 6.34931 — 10 
log 4 = 9.997411296 — 10 
log 6 = 0.0076418 
Differential co-efficient, English units. 


B. For 32° to 212° F., pounds on the square inch. 
log A = 8.5960005 — 10 
log B = 6.43778 — 10 
log « = 9.998181015 — 10 
log 8 = 0.00381 34 
C. For 212° to 428° F., pounds on the square inch. 
log A = 8.2942434 — 10 
log B = 6.09403 — 10 
log « = 9.998561831 — 10 
log 8 = 0.0042454 
d 
It is to be remarked that A may be found approximately by dividing 
a small difference of pressures by the corresponding difference of tem- 


peratures ; that is, by calculating “2: With a table for even degrees 
of temperature, the differential co-efficient for a given temperature is 
found by dividing the difference of the pressures corresponding to the 
next higher and the next lower degrees by two. 

Each of the equations for the pressure of steam in English units 
gives 14.6967 pounds on the square inch at 212° F., as should be the 
case. But equation B. for the differential co-efficient gives at 212° F., 


I dp 
p at 
while equation C. gives, at the same temperature, 


dp 
pdt = 0.0198141. 


= 0.0198912, 
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This discrepancy is due to the fact that the direction of the curves 
represented by the equations is not the same at their point of meeting, 
and appears to be inevitable. A similar uncertainty affects all the cal- 
culations depending on the differential co-efficient. 

The mean of the two values above is 

, = = 0.01985, 

which differs from either extreme by about one in five hundred. In 
equation (13), 7, the latent heat of vaporization deduced from Reg- 
nault’s experimental work is uncertain, to the extent of one unit in 600, 
so that the error from the use of the differential co-efficient in that 
equation is not larger than the errors from other sources. Since the 
errors in the experimental determinations of the density of saturated 
vapor by Tate and Fairbairn amount to two or three units in one hun- 
dred, the calculation by aid of equation (13) are to be preferred. 
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Eberhardt’s Pat. Entirely Eberhardt’s Pat. 
AUTOMATIC GEAR-CUTTER. AUTOMATIC DRILL-PRESS. 


Sizms, 18, 25, 36, 50, 60 84 IncH Sizes, 24, 30, 36, 42 Inch anp Upwarp. 











ADVERTISEMENTS. 





G. H. BUSHNELL & CO.,, 


WORCESTER, MASS., U.S.A. 
MANUE ACTUBERS OF PATENT KNUCKLE-JOINT PRESSES. 


— For Hand and Power, and for a variety of uses, 
OL such as 


SAI }, Cotton-Mills, Woolen-Mills, Paper-Mills, Wood-Pulp. 
Mills, Dye "Works, Bleacheries, Electrotyp- rs, Book- 
Binders, Printers, Tanners, Veneer, Wax, Curriers, Belt- 
re ing, Cotton, Rags, Oleomargerine, Scrap, Herbs, Tinctures, 

Drugs, Wine, Cider, Parafine, Cotton-Seed, Linseed, 
ih inn Castor, Fish, and Lard Oils. 


Correspondence solicited, especially from parties requiring 
Presses for new or difficult work. 





Illustrated Catalogues Sent on A pplication. 


EMIL GREINER, 


MANUFACTURER AND IMPORTER OF 


Chemical, Physical and Electrical Glass Apparatus, 


No. 79 NASSAU STREET, 


Between Fulton and John Sits., 








NEW YORK. 
SOLE MANUFACTURER OF GEISSLER & SPRENGEL'S AIR PUMPY. 


Apparatus and parts of Apparatus furnished and repaired. Any Glass 
Apparatus according to description. 


Chostr STEAM CAGE AND VALVE (0, 


Manueacturers OF THE 


|, Crosby Improved Steam Gage. 


Crosby Pop Safety-Valve. 
Crosby Water-Relief Valve. 
Crosby Steam-Engine Indicator. 


Also, Bourdon Pressure and Vacuum 
Gages. Hydraulic, Compound, Combi- 
nation, Test, Ammonia, and all other 
Gages. Revolution Counters, Marine 
Clocks, Test Pumps, Etc., Etc. Wic 


tory Steam-Cylinder Lubri- 
cator. 


we Single-Bell Chime Whistle. 


IMPORTERS OF 

















Amsler’s Polar Planimeter. INDICATOR. 


Importers and proprietors of 
“INVINCIBLE” GLASS TUBES. 
So.e Uniteo STATES AGENTS FOR 


Guilbert-Martin’s Patent “RED-REFLECTING”’ Glass Tubes. 


Dealers in all instruments incidental to the use of steam and other fluids. 


g5 and 97 OLIVER ST., BOSTON. 
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aommntueacansed 


HILL, CLARKE & Co.,, 





Lathes, Planers, Drilling and Milling Machines, 
Etc., Etc. 










156 OLIVER sStT., COR. PURCHASE, 
BOSTON, MASS. 
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“Om, wa 


orsiond 
ACID PHOSPHATE, 


—FOR— 


Dyspepsia, Mental and Physical Exhaustion, Nervousness, 
Diminished Vitality, Etc. 





Prepared according to the directions of Prof. E. N. Horsford, of Cambridge. 





A preparation of the phosphates of lime, magnesia, potash and iron with phos- 
phoric acid in such form as to be readily assimilated by the system. 

Universally recommended and prescribed by physicians of all schools. 

Its action will harmonize with such stimulants as are necessary to take. 

It is the best tonic known, furnishing sustenance to both brain and body. 

It makes a delicious drink with water and sugar only. 





AS A BRAIN AND NERVE TONIC. 

Dr. E. W. ROBERTSON, Cleveland, O., says: ‘‘ From my experience, can cor- 
dially recommend it as a brain and nerve tonic, especially in nervous debility, nervous 
dyspepsia, etc., etc.” 

FOR WAKEFULNESS. 


Dr. WILLIAM P. CLOTHIER, Buffalo, N. Y., says: ‘‘I prescribed it for a 
Catholic priest, who was a hard student, for wakefulness, extreme nervousness, etc., 
and he reports it has been of great benefit to him. 


IN NERVOUS DEBILITY. 


Dr. EDWIN F. VOSE, Portland, Me., says: ‘‘I have prescribed it for many of 
the various forms of nervous debility, and it has never failed to do good.” 


FOR THE ILL EFFECTS OF TOBACCO. 
Dr. C. A. FERNALD, Boston, says: ‘I have used it in cases of impaired nerve 


function with beneficial results, especially in cases where the system is affected by 
the toxic action of tobacco.” 


Invigorating, Strengthening, Healthful, Refreshing. 








Prices reasonable. Pamphlet giving further particulars mailed free. — 


Manufactured by the 
RUMFORD CHEMICAL WORKS, 
Beware of Imitations. PROVIDENCE, R. I. 











lon — 
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SCIENTIFIC BOOKS. 


ORKS ON Architecture, Carpentry, Building, Astronomy, Meteorology, Navigation, Brewing, Dis- 
tilling, Chemical and Physical Sciences, Coal, Coal Oil, Gas, Drawing, Painting, Photography, 
Electricity and its Applications, Engineering, Machinery, Mechanics, Geology, Mineralogy, Metallurgy, 


Mining, Hydraulics, Hydrostatics, Sanitary Engineering, Iron and Steel, Mathematics, Ship Building, 
Etc., Etc. 


A large and complete assortment, both Foreign and American, for sale by 


D. VAN NOSTRAND, Publisher and Importer, 


23 Murray Street, NEW YORK. 




















ESTABLISHED 1867. 


PARTRICK & CARTER, 


Manufacturers of and Dealers in Every Description of 


RLECTRICAL SUPPLIES 


For the Telegraph, Telephone, Electric Light, etc. 


Sole proprietors of the PATENT NEEDLE ANNUNCIATOR, Annunciators, 


Burglar Alarms, Electric Bells, Batteries, Wire, etc. 
FRANKLIN S. CARTER. 


E, WARD WILKINS, No. 4 Sour Secono Street, PHILADELPHIA, Pa. 


PLATINUM sectanicat Purposes. 


The S. S. White Dental Manuiacturing Co., 


PHILADELPHIA—Chestnut St., cor. 12th. 


NEW YORK—767 and 769 Broadway. 
BOSTON—160 Tremont Street. 


CHICAGO—14 and 16 E. Madison Street. 


LEONARD & ELLIS, 











Sole Manufacturers of 


VALVOLINE « LUBRICATING « OILs. 


WILLIAM JAMES GOULDING, Manager, 
149 BROAD ST., BOSTON, MASS. 
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GEO. F. BLAKE MFG.CO. 


BUILDERS OF 





ALL KINDS OF 


SOSTEAM AND POWER See 


PUMPING MACHINERY. 


Large and Small, for Every Kind of Service. 









SINGLE STEAM 


OR 


DUPLEX, POWER. 





POWER PUMP. 


More than 20,000 in use. A Full Line Kept Constantly in Stock at our 


NEW AND COMMODIOUS QUARTERS, 


111 Federal Street, Boston, Mass. 





NEW YORK WAREHOUSE, 95 AND 97 LIBERTY STREET. 








SEND FOR CATALOGUE, 
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MANNING, MAXWELL & MOORE, 


Manufacturers of and Dealers in all kinds of 


Raliwal «> Jiachinists’ Tools «> Supplies 


We carry in Stock the Largest Line of First Class Machine Tools inthe 
City, and a complete line of Small Tools and Machine Shop Supplies. 


Salesrooms: 111 and 113 Liberty St., NEW YORK CITY. 


Cuas. A. Moors, Pres. M. Luscoms, Treas. Gro. W. RicHARDsOoN, Supt. 


The Consolidated Safety Valve Company. 


CAPITAL, $100,000. 


Sole Manufacturers of the 


Only Solid Nickel Seated Safety Valve 


FOR MARINE AND STATIONARY BOILERS. 


Approved by U.S. Board Supervising Inspectors. 
Adopted by U.S. Navy, and furnished 
to all the Steel Cruisers. 
MADE SPECIALLY TO COMPLY WITH RECENT REQUIREMENTS 
OF U. S. STEAMBOAT INSPECTORS. 
Angle of Seat 45°, and allowed 50% Higher Rating 
than Government Lever Valve. 
The only Safety Valve made with 


Richardson's Patent Adjustable Screw Ring. 















} ‘ s Send for Illustrated Catalogue. 

a Weare prepared to furnish the Best Sarety VALve 
“wm We Mang, and at very low prices, when Quatity and Capaci- 
— Ty are considered. Address, 

Nickel Seated Yacht Valve. 


THE CONSOLIDATED SAFETY VALVE CO. 
SALESROOM, 111 Liberty St., New York. WORKS, Bridgeport, Conn. 


E. L. Maxwatt, Pres. C. A. Moors, Vice-Pres. H. S. MANNING, Treas. M. Luscoms, Sec. 


THE ASHCROFT MFG. COMPANY, 


Sole Manufacturers of 


THE TABOR STEAM-ENGINE INDICATOR, 


Approved and Adopted by the U. 8. Government. 
ENGINEERING OFFICE OF CHAS. E. EMERY, 
22 Cortlandt St., N. Y., Sept. 8, 1887. 
Tue Asucrort Mrce. Co., 111 Liberty St., N.Y. 

Gentlemen: pepo | to your request, I would state 
that I have purchased for myself and others several Tabor In- 
dicators, and I cheerfully bear testimony to the excellent worke 
manship upon them, to the correctness of the principles involved, 
and to the uniform reliability and thorough adaptation of the in- 
struments for taking accurate indicator diagrams at either high 
or low speeds. Very truly yours, 

CHAS. E. EMERY. 


Also STEAM AND VACUUM GAUGES, 
With Patent Seamless Drawn Tube. 


Steam Traps, Packer Ratchet Drills, Stanwood Cutters, Marine 
Clocks, Engine Revolution Counters, Test Gauges, Oil Cups, 
Test Pumps, Locomotive Spring Balances, Steam Whistles, 
Salinometers, and all Instruments for Measuring Steam, Air, 
Gas, or Water. 





OFFICE AND SALESROOM, 
111 Liberty St., New York. 


FACTORY, BRIDGEPORT, Conn. 
Address all letters to P. O. BOX, 3754, N. Y. 


W. H. GALLISON, Boston, - - EASTERN AGENT. 
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RICHARDS & CO, 


CHEMICAL AND PHYSICAL APPARATUS, 


24 WHITEHALL STREET, 


NEW YORK. 





—— ESTABLISHED 1842, —— 
First Premium at Franklin Institute, 1845. 


First Premium at Centennial International Exhibition, 1876. 


J. BISHOP & CO. 


Sugartown, Ohester Oo., Penn. 


Refiners and Melters of Platinum. 


MANUFACTURERS OF 





CRUCIBLES, EVAPORATING DISHES, IGNITION TUBES, 
AND ALL ARTICLES MADE FROM PLATINUM, 
USED BY ANALYTICAL CHEMISTS. 


All Work HAMMERED, and WARRANTED Equal to any European Work Made. 


Old Platinum bought or taken in exchange. Scrap melted at the shortest notice. 
Crucibles and Dishes, etc., repaired promptly. All articles sent by Adams Express, di- 
rected to J. BISHOP & CO., Malvern Station, P. R. R., will meet with 
prompt attention. 


Circulars Sent Free on Application. 
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Business Established 1851. Incorporated 1854. 
(ORIGINAL STEAM GAUGE CoO.) 


J. C. BLAISDELL, Pres. E. Burt PHILuips, Treas. H. K. Moors, Supt. 


American Steam Gauge Co., 


36 CHARDON ST., BOSTON, MASS. 


Sole Manufacturers of the 


Thompson Improved Indicator 


2,500 IN USE. 


Adopted by the U.S. Navy for use on all the Gov- 
ernment Cruisers and Gunboats to be built. 


Amsler’s Polar Planimeter 








AND 


The Pantograph. 
Also, sole manufacturers of the 
+ Bourdon Steam Gauge, + 
With Lane’s Improvement. 


Clocks, Counters, Pyrometers, Hydrometers, 
Salinometers, and all Instruments in- 
cidental to the use of Steam. 





SEND FOR ILLUSTRATED CATALOGUE (G.) 





American Pop Safety Valve. 


The only Automatic Adjusting Safety Valve ever produced 


—_— FOR — 


Locomotive, Stationary, Marine, and Portable 


+ BOILERS. + 


It does not infringe on the patents of any other Valve made. 

We guarantee all parties buying or using them protection against all 
suits. 

Accepted for application to all marine boilers by the Board of Super- 
vising Inspectors of Steam Vessels, and approved by the Secretary of 
the Treasury at Washington, D. C., 1885. 

Approved, and its adoption recommended ,on United States Naval 
Steamships, April 15, 1885, by United States Naval Board of Examiners. 


AMERICAN STEAM GAUGE COMPANY, 


36 Chardon St., Boston, Mass. 
Send for Price-List (G). 
















OOOO 










SP 
hoot New Water Tube Steam - Boiler. 


SAFE, ECONOMICAL, DURABLE. 







Abendroth & Root Manufacturing Co. 


28 CLIFF ST., NEW YORK. 








CHAS. E. ASHCROFT, Agent, 
Mason Building, Boston. 




















DAVIDSON STEAM-Pump. 


MADE IN 





Simple, 
EFFICIENT, ALL SIZES, 
Reliable, SINGLE OR 
FOR ALL DUPLEX. 
Puneaasss i) comPpouND 
AND ; * Pumping 
DUTIES. 3 ENCINES. 





DAVIDSON STEAM-PUMP 00., 77 LIBERTY 8T., NEW YORK. 


Branch Office, 51 Oliver Street, Boston, Mass. 


BOILER ind PIPE COVERINGS. 


ABSOLUTELY 


FIRE PROOF, 


Light: and Oheap. 
. EASY TO APPLY. 











MINERS and MANUFACTURERS, 


ASB ES I OS BRAIDED PACKING, MILL BOARD, SHEATHING 


and SPECIALTIES. 


CHALMERS-SPENCE CO., Foot of Sth St., New York. 





ALBERT DUTTON, Agt., 19 PEARL ST., BOSTON. 


“THE DEANE” 


STEAM AND PoweER 


PUMPS 


OF BERLE SABIE EY AND. FOR. ALL DUTIES. 




















THE DEANE STEAM PuMP COMPANY, 9 
HOLYOKE, MASS. ‘ 


NEW YORK. BOSTON. CHICAGO. PHILADELPHIA. ST.LOUIS. Wi 


Boston Office and Warerooms, 54 (liver St. 


SEND FOR New ILtusTrRaTEeD CATALOGUE. 

















